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Summary 
The Rural Towns – Liquid Assets (RT–LA) project was established with the aim of integrating 
salinity, waterlogging and flooding control with development of new water supplies in 
wheatbelt towns, and where possible, finding ways of putting the excess water to commercial 
use.  
Following the identification of effective integrated water management strategies, these have 
been applied to the 15 Shires participating in the DAFWA led RT–LA project. This report 
summarises the outcomes from all scientific investigations undertaken for Perenjori. In 
addition it presents the water management options, a preliminary analysis of those options 
and the priority recommended ones. 
Due to the decline in rainfall over the past 10 years, Perenjori groundwater levels have 
shown a declining trend below the townsite since 2000, when groundwater monitoring by 
DAFWA in the townsite commenced. 
Hydrogeological studies identified groundwater pumping was not an effective solution for 
Perenjori to control watertable levels in the high salinity risk areas of the townsite. The 
studies demonstrated that only limited volumes of groundwater could be abstracted by 
pumping because the drawdown affects would be constrained by the geological properties. It 
is concluded that salinity control or water production from under the townsite via groundwater 
pumping is not a technically viable option. 
Instead, the RT–LA project has focused on surface water management options that will 
enable new water supplies to be developed which will also alleviate salinity, watertable, 
waterlogging and flooding problems. An integrated scheme such as this will provide cost 
effective solutions to the annual problem of irrigation water shortages. Over time, the 
proposed surface water diversion and harvesting schemes will reduce salinity risk by 
diverting and utilising runoff water which would otherwise have contributed to local recharge.  
Option 1, construction of a new 30ML dam in the paddock east of town belonging to Mr Jim 
Gilmour, is recommended as the first priority action. Along with the other options outlined in 
this Water Management Plan, Option 1 offers a combination of surface water engineering 
solutions to capture the town’s runoff and provide up to an additional 31 ML/yr, or 155 per 
cent of the total existing demand. 
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1. Introduction 
1.1 Background 
The Department of Agriculture and Food, Western Australia (DAFWA) with project partners: 
CSIRO, CRC LEME, UWA and the WA Chemistry Centre, has delivered the $6 million Rural 
Towns – Liquid Assets (RT–LA) project. The project was funded by the Western Australian 
Government, 15 Local Government Authorities and the National Action Plan for Salinity and 
Water Quality. Other major stakeholders are the Avon Catchment Council, the Northern 
Agricultural Catchments Council, the South West Catchments Council and South Coast 
Natural Resource Management Inc. 
The Project aims to devise solutions to potential and existing townsite salinity problems as 
well as developing new locally based water resources for rural towns. New research and 
existing knowledge of groundwater systems will be used to identify water management 
options and prepare townsite Water Management Plans (WMPs) which focus on improved 
and integrated water management strategies. 
The Shire of Perenjori has been involved in the Rural Towns Program since 1998 and is now 
one of 15 towns participating in the RT-LA project. Perenjori is located approximately 285 
kilometres north of Perth in the northern agricultural region of the wheatbelt (Figure 1) and 
has a population of approximately 200 residents. 
1.2 Water management objectives 
The Perenjori Project objectives are to develop and partially implement a Water Management 
Plan which will: 
 identify opportunities for ground and surface water resource development, producing 
water primarily for townsite irrigation 
 alleviate salinity and waterlogging through improved surface water management; and 
 identify socio-economic concerns associated with water availability. 
In a short desktop socio-economic study conducted for the project (Appendix A), it was 
identified that issues surrounding water management are associated with available water 
resources, town greening, creating opportunities for new industry in the town, and salinity.  
The Shire is looking at incentives for attracting secondary industries and is looking to 
improve infrastructure, provide a low cost power supply and large quantities of high quality 
water for irrigation. Water is also seen to be important for greening the town, such as town 
ovals and gardens.  
In addition, a meeting was held with the Shire and the Project Planning Team on 
20 December 2007 to identify specific water management priorities and issues (Appendix B). 
This information was used to guide the direction and focus of this Water Management Plan. 
The high priorities identified at that meeting were: 
1. Refurbishment of dams 
2. Improve catchment supplying the dams, including repair of roaded catchments and 
harvesting water from catchment north of Perenjori 
3. Water harvesting from the old CBH site (CBH Perenjori) 
4. Water harvesting from the aerodrome 
5. Installation of a flood control gateway in the diversion channel 
6. Stormwater harvesting from roads, roofs and paved areas within townsite. 
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1.3 Purpose of the Water Management Plan 
The Water Management Plan for Perenjori contains a summary of outcomes from all RT-LA 
investigations undertaken, which synthesises: 
 recommended water management options 
 preliminary engineering analysis of water management options 
 specific recommended priority water management options. 
 
Figure 1 Perenjori location map 
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1.4 Summary of the issues 
While many towns in the agricultural region of Western Australia have limited or expensive 
water supplies, they also have problems caused by too much water—usually salinity, 
waterlogging or flooding. These excess water problems result in damage to the environment 
and infrastructure. The question behind the RT-LA approach is: can the excess water 
causing the damage be used as a water resource? 
Even in small towns, hydrological systems are likely to be complex. Water comes into town in 
several ways: as rain falling directly on the townsite, as surface water run-on, groundwater 
inflows from surrounding catchments and as piped water supplies (commonly referred to as 
'scheme water'). It is likely that all of these sources contribute to some degree to salinity, 
waterlogging and inundation problems. General descriptions of what is meant by the terms 
inundation, salinity and waterlogging and their main causes are described in Box 1. 
Box 1 
General definitions and descriptions of salinity and waterlogging processes in Western 
Australian rural towns: 
An area covered in water is said to be inundated. The water may be flowing or stationary (in 
which case it is ponded). The source of the water may be: 
 rain falling directly on the area 
 surface water inflow from surrounding upslope areas 
 water overflowing the banks of a natural or manmade watercourse (such overbank flow is 
called flooding), or 
 a combination of more than one of these sources. 
It is also possible for groundwater discharge to contribute to surface inundation, but in Western 
Australian wheatbelt towns this would usually be a small component. However, a rise in 
watertable level below an area can worsen its risk of inundation because there is less capacity 
in the soil for storing infiltrating surface water. 
~ 
Most Western Australian salinity problems are caused by groundwater, but the processes 
involved can change from site to site. Commonly, the salinisation is a result of either rises in 
watertable or increases in pressure of deep groundwater systems, or a combination of both. 
The extra water causing the salinisation can enter the groundwater systems close to or far 
away from the problem area. 
~ 
In towns, 'rising damp' can affect buildings, roads and paved areas. The problem is 
sometimes referred to as waterlogging and can be caused by: 
 water perching above a shallow, low permeability layer such as bedrock, cemented soils, or 
a clay layer or 
 elevated watertables or high groundwater pressure. 
The water may be fresh or saline. 
Two conventional approaches to reducing the damage caused by excess water are: 
 diverting water before it reaches an area of inundation, salinisation or waterlogging 
 removing or diverting water from the affected site. 
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In general, negative impacts are reduced if the water is diverted before it reaches the 
problem area. In addition water quality is usually better the earlier it is diverted. This means 
there is a need to identify the sources of water which are causing problems and to assess 
whether there are opportunities for diverting and using it for irrigation. 
Accomplishing this depends on sound information on when, where and how much each 
water source contributes to a problem. For instance, is the water causing a salinity problem 
solely from rain falling on the town, or from over-irrigated gardens, or from surface water or 
groundwater inflows from surrounding agricultural areas? Or are there a combination of 
sources, and if so, what are their relative contributions? 
High shedding surfaces in townsite catchments produce runoff from low intensity or 
infrequent rainfall events because water flows off the streets, roofs and other impermeable 
areas within towns. Unlike many farmland catchments, runoff from townsites is relatively high 
quality; without salt, sediment or debris which often contaminates dams in the wheatbelt. 
These are essential reasons why water harvesting from townsites is a major advance over 
the more traditional dam and catchment strategies. 
In order to produce the Water Management Plan, the project undertook a number of 
investigations to address this need to identify the sources of problem water and the available 
methods of diverting it. Such studies were carried out for the town of Perenjori (they are 
documented in the appendices of this report) and were used as the basis of the Water 
Management Plan. 
A set of principles has been adopted in drafting the RT-LA’s Water Management Plans. They 
are listed in Box 2 
Box 2 
Principles guiding RT-LA Water Management Plans 
Water is valuable: minimise unnecessary water use and pollution. 
 Excess groundwater recharge commonly causes problems: minimise recharge unless an 
ecosystem or water supply is dependent on it. 
 Reduce surface water flows where they cause damage but maintain good quality surface 
water flows to dependent ecosystems. 
 Minimise use of scheme water for non-drinking quality purposes, such as irrigation. 
Assessing impacts of management changes 
Ideally, any water management changes would neither create nor worsen any problems. 
However, we can aim to identify the likely environmental, social and economic impacts 
(whether positive or negative) of any proposed changes so that they can be taken into 
consideration by decision-makers. 
The demands driving water management changes tend to be social or economic (for example, 
shortage of dam or bore water for irrigating sports grounds, or the high cost of using scheme 
water for irrigation). However, there is a need to consider any environmental, social and 
economic implications these changes generate. 
The establishment and maintenance of town amenities imposes changes on the quantity and 
quality of the surface and groundwater systems underlying and surrounding the town. The 
changes are commonly detrimental and can result in degradation of natural and man-made 
infrastructure. 
RT-LA plans are designed to enhance land condition, not to trigger or exacerbate existing 
asset degradation. 
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Encourage adoption of Water Corporation Waterwise and DAFWA Waterwise=Saltwise 
guidelines for households, businesses, schools and councils. 
Practical approaches to applying principles: 
 Reduce dependence on scheme water. Supplement with harvested surface and 
groundwater 
 Reduce local recharge and associated salinity, waterlogging and flooding, by irrigating less 
frequently 
 Ensure no infiltration from leaky manmade drainage, pipework and storage systems 
 Reduce wastewater volumes, thus reducing the need for excess treatment and storage 
capacity 
 Minimise evaporation losses from water supply storages by covering dams or using tanks. 
Benefits are likely to be: 
 Increased volume of water available for watering townsite amenities such as recreational 
areas 
 Less dependence on high quality and expensive scheme water for irrigation purposes 
 Less townsite salinity, flooding and waterlogging 
 A ‘greener, softer, cooler’ townscape in which to live and work—and one which is more 
attractive to visitors 
 More water available for environmental flows or commercial uses. 
Costs may include: 
 Time and money spent in establishing more efficient water management systems and 
practices 
 Less wastewater from the treatment plant available for recycling 
 Cost of professionally designed and constructed infrastructure. 
2. Current town status 
2.1 Biophysical environment 
Perenjori townsite is in the lower part of a 5 240 ha catchment that varies in elevation from 
278 to 334 m above Australian Height Datum (AHD). The entire townsite lies between 
278 and 280 m above AHD (Speed 2001). The catchment is predominantly cleared for 
agriculture and there are only three significant areas of remnant native vegetation, 
representing just over 7 per cent of the catchment area. 
Natural drainage in the catchment area above the townsite is ill-defined. The townsite itself 
occupies broad flats at the junction of two indistinct drainage systems (Speed 2001). In the 
absence of well-defined natural surface drainage, substantial earthworks have been installed 
in and around the Perenjori townsite with the aim of controlling salinity and waterlogging by 
directing floodwaters toward the paleodrainage system. 
The basement rock below Perenjori is predominantly medium even grained adamellite-
granodiorite and is part of the Yilgarn Craton (Baxter and Lipple 1985). The basement has 
been intruded by dolerite dykes and is also cut by quartz veins.  
Perenjori has a Mediterranean type climate with cool wet winters and hot, dry summers. The 
average annual rainfall (rainfall statistics from 1918 to 2008), is about 326 mm/year (Bureau 
of Meteorology 2009). 
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2.2 Townsite water management problems 
From discussions with the Perenjori Shire and feedback obtained from the social survey, 
irrigation water shortages are recognised locally as one of the most pressing concerns facing 
the town. 
In general, the impacts from salinity on townsite infrastructure are minor. Symptoms of mild 
salinity, such as areas of ground covered with ice plant, barley grass and bluebush are 
apparent. Some of the older buildings are affected by waterlogging and rising damp in the 
brickwork whilst a few of the roads appear to suffer to some degree from subsidence and 
minor paving damage. 
2.3 Groundwater quality 
The groundwater monitoring bores in Perenjori have been measured regularly since 2000 by 
DAFWA. Groundwater data collected includes standing water levels, electrical conductivity 
(EC), pH and groundwater temperature. The water levels have been graphed and are shown 
in Figure 2. All bores show a declining water level trend since monitoring commenced in 
2000. Four observation bores were dry in August 2008 and the community awareness bore, 
00PJ09D, has been dry with the indicator sitting at the bottom of the gauge since 2003. The 
decline in water levels from 2000 to 2009 is discussed in more detail in Appendix E.  
The average water level decline over the Perenjori townsite since monitoring began has 
been 0.2 to 0.3 metres per year and is due to declining annual average rainfall which has 
decreased by 25 per cent since 2000. 
Groundwater salinity has increased slightly since 2000 when the electrical conductivity (EC) 
ranged between 953 mS/m and 4248 mS/m. In 2008 the EC ranged from 1636 to 
4870 mS/m. The overall average groundwater salinity in 2009 is about 2500 mS/m (or 
approximately 15 200 mg/L TDS). 
Since 2000, the pH of groundwater in the town has shown a steady decline from between 6.5 
and 7.5, to pH in the range: 5.5 to 6.5. The reasons for this are not clear and such trends are 
unusual in the Rural Towns project. A possible explanation is the steady trend in watertable 
decline that has been observed in Perenjori over the last nine years. A declining watertable 
will introduce greater oxygen availability into the unsaturated zone which could result in 
greater Fe2+ oxidation and hydrolysis, a typical cause of acidification, especially in low 
alkalinity environments such as Perenjori. 
Contamination by organic compounds was detected in only one observation bore although 
pathogen counts were absent. 
2.4 Town water use 
Perenjori has traditionally relied on local surface water supplies to supplement scheme 
water. When they contain water, dams are used principally to irrigate the sportsground and 
park areas. The total volume of the town’s dams is 35 ML which is currently inadequate to 
provide a sufficient quantity of harvested surface water to cope with the average annual 
rainfall and evaporation statistics of the region. 
The total volume of scheme water imported to Perenjori averaged 129 ML/yr. Of this, 
irrigating sportsgrounds and other recreational areas costs the Shire about $50 000 per year 
for approximately 20 ML of scheme water. 
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Figure 2 Monitoring bore hydrographs showing declining groundwater level trends between 2000 and 2009 
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2.5 Investigations 
A number of studies and investigations were carried out to identify the current water 
management status at Perenjori and then make appropriate recommendations for water 
supply related improvements which will meet the town’s objectives. The investigations 
undertaken included: 
 a socioeconomic report for Perenjori 
 surface water study 
 geophysics 
 hydrogeological report  
 evaluation of townsite infrastructure damage due to salinity 
 a water quality report 
 water balance study of Perenjori 
 methodology for assessment of options 
 dam and drainage design. 
2.5.1 Groundwater studies 
In 2000 the DAFWA’s Rural Towns Program undertook a drilling program and groundwater 
study to investigate the townsite catchment ground and surface water dynamics. A test 
production bore was drilled and a piezometer network was established. Details of the drilling 
program can be found in the results of the groundwater study (Speed, 2001). Quarterly 
groundwater monitoring commenced in June 2000. 
Results of previous drilling and a geophysical (gravity) survey conducted in July 2007 
indicated depth to bedrock ranging from 23 to 35 metres below groundlevel (Appendix D). 
This correlated closely to previous borehole investigations which showed depths from 23 to 
34.5 metres.  
The test pumping program of the production bore, 00PJPB01 in drilled in 2000, showed that 
groundwater pumping to lower watertables in Perenjori was not technically viable. The 
aquifer transmissivity was low and groundwater pumping would only produce localised 
affects on the watertable around the production bore. The main reason for the low yields in 
bores in Perenjori townsite is that there is only a thin layer of grits above the unweathered 
basement. It is concluded that groundwater pumping is not a viable solution to the problem of 
shallow watertable control. 
In any event, groundwater levels have declined below Perenjori townsite at a rate of 0.2 to 
0.3 metres per year from 2000. The average depth to groundwater across the Perenjori 
townsite monitoring bores in February 2009 was 3.9 metres below groundlevel compared to 
around 2.0 metres below groundlevel in 2000. 
Receding groundwater levels since 2000 can be explained by a reduction in rainfall of 
approximately 25 per cent from the long term annual average in the past ten years. The 
decline in rainfall means there will be less available water to recharge the groundwater 
aquifers and the groundwater balance has shifted from one where there had been greater 
recharge to discharge volumes, (increasing water level trend) to one where are now greater 
discharge to recharge volumes producing a declining water level trend. 
Drier seasons in Perenjori are the main reason for declining groundwater levels. If the rainfall 
patterns remain as they are now, groundwater levels are expected to decline further. 
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However, if there is a return to wetter seasons, groundwater levels could be expected to rise 
again. 
Due to declining water levels and the fact that they are generally greater than 2 metres below 
groundlevel in the townsite (Figure 3), it is recommended that the frequency of monitoring 
and the number of bores monitored be reduced. However, some form of less intensive 
monitoring needs to be maintained in order to keep a ‘watching brief’ on water levels in the 
future. 
2.5.2 Surface water investigations 
Sources of recharge and waterlogging within the townsite are likely to be: 
 direct infiltration of rain where it falls 
 infiltration below areas subject to inundation (termed 'indirect' infiltration) 
 percolation below over-irrigated parks, gardens or sportsgrounds 
 leakage from water supply and wastewater pipes, drains, dams, pools, sumps. 
Most direct infiltration probably occurs below seasonally vegetated areas with minor amounts 
below compacted soils and well-vegetated areas, and only negligible amounts below roofs 
and paved areas. Direct infiltration of rainfall will be confined to those occasions when heavy 
rainfall events occur.  
Large summer events can have as much impact as heavy winter rains. These ‘episodic’ 
events will produce inundation at specific times and locations from which infiltration will 
occur. 
Recharge from over-irrigation will be restricted to areas below or close to watered 
sportsgrounds, parks and gardens. Most recharge could be expected to occur because of 
over-watering during non-rainy periods—i.e. summer (unless watering habits are particularly 
profligate). 
Any leakage from pipes is likely to occur throughout the year, seepage from dams, pools or 
sumps could occur whenever they contain water, but open drain leakage would occur as a 
result of recent rainfall. 
2.5.3 Infrastructure damage through salinity 
Evaluation of the salinity risk to infrastructure was based on the long-term average 
groundwater levels for the shallow observation bores and an inferred groundwater level 
based on a digital elevation model (DEM) for the southern and eastern areas of the townsite 
(Appendix F). The level of risk was determined by estimated soil saturation levels at a depth 
of 1 m below groundlevel (Figure 3). 
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Figure 3 Townsite shallow bores, average depth to groundwater 
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The spatial distribution of the salinity risk for Perenjori is explained in Appendix F, and shows 
that currently, there is a low salinity risk in the eastern portion of the townsite in the vicinity of 
the new residential sub-division and the caravan park. The risk is described as ‘low’ because 
groundwater levels are mostly below 2 metres deep and falling. 
2.6 Urban water 
2.6.1 Urban water balance 
The urban water balance was determined by analysis of: 
 existing scheme water consumption provided by the Water Corporation billing records 
and Shire accounts; and 
 modelled stormwater runoff from a series of assumptions about the surface runoff 
characteristics using AQUACYCLE. 
The urban water balance based upon the last 50 years of meteorological data and recent 
scheme water consumption records from the Water Corporation is summarised in Table 1. 
Further explanations for the derivation these figures are provided in Appendix H. 
Table 1 Urban water balance for Perenjori 
Items 
Indoor use 
(ML/year) 
Outdoor use 
(ML/year) 
Losses 
(ML/year) 
Total 
(ML/year) 
Total scheme water use 45 47 37 129 
Wastewater N/A N/A N/A 45 
Modelled stormwater runoff N/A N/A N/A 40 
Scheme water usage is currently 129 ML/year (Water Corporation). As shown in Table 1 
about 50 per cent of the total scheme water usage (excluding losses) is for outdoor use on 
lawns and gardens. 
2.6.2 Greywater reuse 
Greywater reuse provides a major benefit by reducing scheme water consumption and 
wastewater discharge. The urban water balance exercise undertaken as part of this study 
identified a potential water source for the town if residential greywater (i.e. kitchen, bathroom 
and laundry water) was to be diverted to the garden in individual properties. 
If individual greywater recycling systems were in place, scheme water usage for toilet 
flushing and garden irrigation could be reduced by 19 per cent and wastewater discharge 
could be reduced by approximately 26 per cent. 
2.6.3 Rainwater tanks 
Rainwater tanks would not be as effective as greywater reuse in reducing reliance on 
scheme water. The study found that rainwater tanks would not be able to meet the demand 
for toilet flushing and garden irrigation and would only succeed in reducing total scheme 
water consumption by an average of approximately 6 per cent per year. If the full compliment 
of rainwater tanks were fitted it would reduce stormwater runoff in the study area by 13 per 
cent. 
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2.6.3 Reduce losses 
Losses due to a combination of leakage, unmetered use and evaporation, account for 28 per 
cent of Perenjori’s total scheme water consumption. Repairing leakages, identifying and 
limiting unmetered use and limiting evaporation potential could save a significant amount of 
water. Water efficient appliances could achieve a consumption reduction of up to 
approximately 4 per cent and wastewater discharge of up to 11 per cent. 
2.7 Town water resources 
2.7.1 Main town water storage dams 
The existing water storages of natural runoff in Perenjori include Town Dam 1 with a capacity 
of 20 ML, Town Dam 2 with a capacity of 10 ML and Town Dam 3 with a capacity of 5 ML. 
The existing three Town Dams have not provided secure water supplies since 1999 for two 
reasons: 
1. The north / western catchment diversion bank, built to protect the town from flood risk, 
has limited inflows to the town dams. 
2. Weather patterns with significantly below average rainfall have generated significantly 
less runoff available to the dams. 
Limitation #1, the diversion bank, has now been partially overcome since a breach was 
placed in the bank to allow the north-western catchment runoff to flow through to the dams 
rather than be diverted around the town. The calculated catchment mean annual yield is 
220 ML. It is likely that with average rains the breached diversion bank should provide 
adequate flows to supply the three town dams. With the installation of a well designed flood 
control gate, it would be possible to both fill the dams and protect the town from flooding.  
The gate would be designed to allow all low flows such as those generated by normal winter 
rains and minor thunderstorms to flow directly to the dam, whereas excess runoff generated 
during a flood event caused by cyclonic rains, could be diverted passed the gate and around 
the town. 
The aggregated volume of the three town dams is 35 ML. This is insufficient to satisfy the 
average annual irrigation water requirements and cater for losses due to seepage and 
evaporation. Perenjori is currently purchasing approximately 20 ML of scheme water per 
annum to help meet the demand for irrigation water.  
2.7.2 Town irrigation water resources 
The storage dams and their catchment sources are summarised in Table 2. 
Table 2 Summary of town water resources 
Identification Description 
Capacity 
(ML) 
Town Dam 1 This dam contains harvested surface water 20 
Town Dam 2 This dam contains harvested surface water 10 
Town Dam 3 This dam contains harvested surface water 5 
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2.8 Socio-economic factors 
One of the highest priorities reported by the Shire (Appendix B) is to develop new water 
supplies to achieve self sufficiency in irrigation water for public sportsgrounds, recreational 
areas, parks and gardens. 
In addition, if further new supplies were developed, a water surplus would be produced which 
the Shire could use to support water based industries such as aquaculture or irrigated tree 
crops. 
3. Water management recommendations (Options) 
Groundwater pumping is not a viable option for managing watertables in Perenjori. In any 
event watertables are not rising and the townsite suffers from only residual waterlogging and 
mild salinity. However, it is recommended that further surface water control measures be 
adopted as the most effective method for containing the mild salinity and waterlogging that 
does occur within the town. 
The introduction of the following additional surface water conservation strategies will most 
certainly improve the harvesting efficiency and security of local water supplies. These water 
management recommendations were identified from discussions with Shire staff, feedback 
obtained from the social survey and as a result of project studies.  
High priority options 
Recommendations 1 to 5 are referred to as high priority options. The following water 
resource infrastructure options are proposed. Their locations are indicated provisionally only 
in Figure 4. Final placements are subject to landholder approval, confirmation of suitability 
and other site factors. 
Assuming approvals and site suitability is confirmed, preliminary engineering design 
drawings have been prepared for the proposed 30 ML dam and the proposed 2 ML 
stormwater collection sump. A report by GHD design engineers, their plans and technical 
drawings are produced in Appendix J. 
Options 
1. Construct a new dam in Gilmour’s paddock 
The proposed new 30 ML Gilmour Dam would capture stormwater from the high shedding 
surfaces east of the railway line, including the new residential sub-division. It will also collect 
runoff from the sub-catchment north of the town, including the airstrip.  
2. New CBH sump 
The proposed sump adjacent to and downstream of the CBH site will harvest runoff 
generated from the wheatbin. Currently this water resource is lost as it flows through and out 
of town. The precise location for this sump is yet to be finalised however a potential site 
immediately north-west of the school has been identified. 
Preliminary estimates are that between 10 ML and 15 ML per annum could be harvested 
from a proposed 2 ML sump to be located between the school and CBH. A more thorough 
design exercise will need to be undertaken to establish the optimum combination of sump 
size, pump duty and storage tank capacity to match the yields expected from the catchment.  
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3. School oval storage tanks 
Installation of storage tanks adjacent to the schools sportsground will increase the existing 
town dam storage capacity (currently 35 ML) by 0.5 ML. Tanks are preferred to additional 
dams as they eliminate seepage and evaporation losses currently experienced from the town 
dams.  
4. Showground storage tanks 
Install another two 250 000 L tanks adjacent to the town sportsground to increase onsite 
storage capacity by a further 0.5 ML. 
5. New reticulation infrastructure 
Link the proposed Gilmour Dam to the proposed storage tanks at the school oval, the 
proposed showground tanks, the proposed CBH sump and the Town Dam #1 as depicted in 
Figure 5 below.  
The proposed primary school and showground tanks will hold a total of 1.0 ML. Additional 
harvested stormwater from the CBH sump will be stored in the new Gilmour Dam or the 
existing Town Dam #1. Use of tanks will eliminate evaporation and seepage losses. 
Other options 
Recommendations 6 to 10 are relevant to existing infrastructure. 
6. Renovate existing dams 
The three existing town dams need renovation to increase storage capacity to ensure that 
the town’s 20 ML/yr demand can be met. To meet this demand at least one of the three town 
dams will need to be upgraded to store water in excess of the 31 ML proposed storage 
capacity.  
Renovation may include: 
 Removing accumulated silt and debris 
 Cutting back the batters to a minimum 1:3 gradient 
 Relining the batters with fresh material from the bottom of the excavation. Water bind 
and compact with a sheep’s-foot roller during relining. If necessary, apply gypsum, 
bentonite or STPP during re-lining 
 Repair or replace pumping and reticulation equipment. 
7. Renovate roaded catchments 
The roaded catchments to the north of the town are overgrown and require renovation to 
reduce runoff thresholds and increase yields during low intensity rainfall events.  
8. Diversion bank floodgate 
A breach in the diversion bank above the town roaded catchment allows most runoff through 
and into the dams. However, with an open breach the town is unprotected from flooding 
events such as the one that occurred in 1999.  
Installation of a well designed flood control gate in the diversion bank channel is required to 
protect the town during major events, yet allow flows to the dam when normal seasonal 
runoff occurs.  
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9. Optimise irrigation scheduling 
The watering regime for the school and showground ovals should be optimised to improve 
water usage efficiency and minimise losses through over watering. Water application 
measuring equipment and evaporation tables should be used to gauge soil moisture content, 
irrigation coverage and evaporation losses. The information is then used to calculate when 
and how much water to apply. When applied, optimised irrigation schedules reduce the 
amount of water required to maintain plant growth, promote healthy ovals, eliminate 
waterlogging and reduce the demand for water. 
10. Waterwise = Saltwise 
The ‘Wheatbelt waterwise = saltwise’ gardening guide provides advice on the 
establishment and maintenance of drought tolerant or salt tolerant species in the low and 
medium rainfall regions of WA. It explains how it is possible to create beautiful gardens and 
parks with a minimum of irrigation water. The booklet is designed for use by Shires, home 
gardeners, managers of parks and sports grounds, and those responsible for landscaping 
road verges, clubs and public buildings. 
Published as Bulletin #4628, the booklet may be downloaded from the DAFWA website at: 
 http://www.agric.wa.gov.au/content/HORT/FLOR/BULLETIN4628.PDF 
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Figure 4 Proposed new Dam, CBH sump, storage tanks and pipeline locations 
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4. Analysis of water management options 
4.1 Scheme water consumption 
In some years, Perenjori Shire experiences a 20 ML shortfall for irrigation water which it has 
to make up for with scheme water. The water balance report (Appendix H) quotes Water 
Corporation consumption figures which state total townsite scheme water use is 129 ML/yr.  
Town scheme water use comprises: 
Indoors, household:   45 ML/yr 
Outdoor, including irrigation:   47 ML/yr 
Losses:   37 ML/yr 
Total: 129 ML/yr 
Of the 47 ML/yr, 20 ML/yr is used by the Shire. The balance of 27 ML/yr of scheme water is 
used outdoors by non-Shire consumers in the town. The 20 ML/yr shortfall is the water 
supply self sufficiency target expressed by the Shire and therefore a major focus of this 
Water Management Plan. 
4.2 Existing irrigation water supplies – Shire dams 
An analysis of existing water supplies from three Shire owned dams is outlined in Table 3.  
Table 3 Summary of town water resources 
 
Total capacity 
(ML) 
Est’d net 
capacity (ML/yr) 
Comments 
Town Dam 1 15 0 ML* 
*Supply cannot be considered secure as it does 
not fill or hold water 3 years in 5. 
Town Dam 2 10 0 ML* 
*Supply cannot be considered secure as it does 
not fill or hold water 3 years in 5. 
Town Dam 3 5 0 ML* 
*Supply cannot be considered secure as it does 
not fill or hold water 3 years in 5. 
Total secure 
supplies 
 0 ML 
No secure locally sourced water supplies. 
Existing 
shortfall 
 20 ML 
This equates to about $50 000 a year spent on 
purchasing scheme water. 
The existing shortfall of 20 ML/yr would be made up by proposed water supply 
improvements outlined in Table 4 below: 
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Table 4 Proposed water supply improvements for high priority options 
 
Total 
capacity 
(ML) 
Est’d net 
capacity 
(ML/yr) 
Estimated 
cost 
($) 
Comments 
Option 1 
Gilmour’s dam 
30 ML 15 ML* 185 000 Supplied by Eastern Townsite 
Catchment with an estimated minimum 
yield of 112 ML/yr. 
*Assumes 50% loss from evaporation 
and seepage. 
Option 2 
CBH sump 
2 ML sump 15 ML 55 000 Captures runoff from sealed surfaces 
with an estimated minimum yield of 
11 ML/yr. 
Produces runoff during low intensity 
rainfall events. 
Option 3  
School oval tanks 
0.5 ML 0.5 ML 58 000 Assumes zero evaporation and 
seepage losses. 
Option 4  
Showground tanks 
0.5 ML 0.5 ML 58 000 Assumes zero evaporation and 
seepage losses. 
Option 5  
Connecting reticulation 
(pipes and pumps) 
N/A N/A 13 000 Provides flexibility in water supply: 
distribution and delivery. 
Total Potential Supply  31 ML   
Surplus  11 ML  Over 50% surplus water supply over 
existing demand 
Total Cost   $369 000  
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5. Conclusions 
DAFWA and its partners have undertaken several comprehensive studies to investigate the 
bio-physical and some of the social elements that shape Perenjori’s environment. In 
consultation with the Shire and other sectors of the community, options for improved water 
management in Perenjori have been devised. The Project objectives were to provide water 
resource development; salinity management and identify socio-economic opportunities 
associated with the provision of new water resources. 
This Water Management Plan synthesises outcomes from all the scientific studies and 
recommends suitable water management options. Investigations undertaken by the RT–LA 
project team concludes that: 
 The salinity risk in most parts of the developed townsite is low. However, a mild risk of 
salinity exists in the eastern portion of the townsite although even this risk is receding 
as groundwater levels continue to fall. Very few obvious salinity symptoms are 
apparent within the town. 
 However, bore water levels should continue to be monitored and if rising watertables 
are detected with a return to wetter seasons, management through surface water 
control or shallow subsurface drainage would be more effective than groundwater 
pumping or deep drainage. 
 Annual irrigation water supply shortages faced by the Shire and the School are severe, 
there being no secure surface water or groundwater sources with which to irrigate the 
ovals and other recreational areas. 
 This Water Management Plan focuses squarely on the need to offset the high cost of 
scheme water and recommends options for achieving, or largely achieving, locally 
sourced and secure irrigation quality water. 
 The total Shire scheme water consumption for irrigation is 20 ML/year. The 
improvements suggested above will provide approximately 31 ML/yr which will more 
than offset the current shortfall. 
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Summary 
Perenjori is a town that has been and is dependent on agricultural production, but like many 
rural towns is now facing population and employment losses due to the rationalisation of 
agricultural operations. The Shire’s vision for the town is to reverse the population trend and 
seek employment opportunities in areas other than agriculture. As part of this vision, water is 
seen as an asset for attracting secondary industries into the area such as mining processing 
and manufacturing.  
The town has a town dam supplied by a 200 hectare partly vegetated, partly roaded 
catchment, which along with scheme water piped from the Arrino Borefield, supplies the 
town. Together with better infrastructure and low cost power, high quality water is required 
for attracting and maintaining industry in the area. 
All respondents to the survey considered town parks and ovals to be well maintained but 
thought any newly developed, locally sourced water could be used for this purpose instead of 
scheme water. The town already has a community swimming pool so excess water is not 
required for that. The drinking water supply in the town (scheme water) was generally 
considered to be of a poor quality due to high chlorination. 
The Shire is looking more into attracting processing companies and is in negotiations with 
Mt Gibson Iron which provide up to 160 jobs in Perenjori. The Shire is providing housing 
incentives to the mine by offering construction of housing dedicated to mining company 
employees. Perenjori has also been selected as the preferred site for a solar power plant 
however the major stumbling block is that Western Power is not going to guarantee that they 
will purchase and distribute this power to the grid. Infrastructure in the region also needs to 
be developed. 
In terms of new industries aquaculture was considered a good possibility. Tree farms were 
considered as a good thing to have around, especially out on agricultural land as a large 
proportion of the area is cleared. One of the farmer’s properties was being assessed for its 
viability as a sandalwood operation by the Forest Products Commission. Horticulture, 
viticulture and floriculture were generally thought to need cooler temperatures and more 
water but would be attractive if there was water available to supply them.  
Residents generally mentioned the salt lakes in the area as a response to questions 
concerning recreational opportunities. Lake Indoon and Lake Solomon were named as 
examples of recreational lakes which could be emulated. The town does have a wildflower 
season which lasts from mid August to about the end of September but the few weeks of 
tourist attractions this provides each year was not considered to be a sustainable industry.  
Footnote:  
It must be noted that any responses from the surveys are opinions only. Also too few people 
were surveyed for any definitive conclusions to be made on these community opinions. Refer 
to Attachment A5 for transcripts of the questionnaire interviews. 
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1. Demography 
The town of Perenjori has a population of approximately 200 with other towns in the Shire 
housing 60 people (Shire of Perenjori, 2002b). Perenjori is a small town in the Mid West 
Region, a region that is currently developing in terms of tourism and fishing along the coast. 
Agricultural production has been decreasing steadily in inland areas where people are 
looking towards agricultural diversification and secondary industries in order to grow and 
sustain employment and population levels.  
1.1 Population 
Population of the Shire of Perenjori 1993-2002
748 726 720 695 678 655
620 619 612 590
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Figure A1 Annual population for the Shire of Perenjori (Department of Local Government and Regional 
Development, 2003b) 
The population within the Shire of Perenjori has been steadily decreasing According to Barry 
Thompson, Shire CEO (pers. com., 2005) the population within the townsite has remained 
fairly static over the past decade or so. 
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Figure A2 (Australian Bureau of Statistics, 2003a) 
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7.6 per cent of the population was born overseas, main birthplace countries are England 
(42.2 per cent) and New Zealand (31.1 per cent), 3.4 per cent of the total population are 
Aboriginal and/or Torres Strait Islanders (Office of Multicultural Interests). The major religious 
affiliations are Christian, with 6.1 per cent affiliated to ‘other’ religion (OMI) 
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Figure A3 Population Projection to 2006 for the Shire of Perenjori (Ministry for Planning, 2000) 
Like most rural towns the number of people in ‘couple with children’ households are 
decreasing in Perenjori (Australian Bureau of Statistics, 2003). 
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Figure A4 Australian Bureau of Statistics, 2003b 
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1.2 Employment 
Employment in the Shire of Perenjori 
June 1999 - June 2003
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Figure A5 Employment in the Shire of Perenjori (Department of Local Government and Regional 
Development, 2003b) 
The unemployment rate was estimated at 2.8 per cent (11 people) for the shire in June 2003 
(Department of Local Government and Regional Development, 2003b). This reached a 
maximum of 14 people (3.7 per cent) in March 2003 and a minimum of three people (0.7 per 
cent) in December 1999 (Department of Local Government and Regional Development, 
2003b). 
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Figure A6 Unemployment in the Shire of Perenjori (Department of Local Government and Regional 
Development, 2003b) 
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Table A1 Selected workforce characteristics for population ages 15 and over (Australian Bureau of 
Statistics 2002) 
 Male Female 
Full time 156 59 
Part time 35 58 
Not stated 6 5 
Total employed 197 122 
Unemployed 6 6 
Total workforce 203 128 
Not in labour force 33 65 
Total working age population 236 193 
In 2001 there were 147 wage and salary earners in the Shire of Perenjori with an average 
annual wage and salary income of $25 887 and average annual total income of $25 981 
(Australian Bureau of Statistics, 2004). 
The main areas of employment for males in 2001 (240 working population were Agriculture 
(56 per cent), Manufacturing (10 per cent) and Construction (8 per cent) (Australian Bureau 
of Statistics, 2003d). The main areas of employment for females in 2001 (122 working 
population) were Agriculture (44 per cent), Education (16 per cent) then Government and 
Finance both at 7 per cent (Australian Bureau of Statistics, 2003d).  
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Figure A7 Industry other than Agriculture in Shire of Perenjori (Australian Bureau of Statistics, 2003d) 
Industries that have been recently increasing in the Shire of Perenjori had also experienced 
decline in 1996 (Australian Bureau of Statistics, 2003b). These industries are: construction 
increasing by eight workers (270 per cent) since 1996 and manufacturing, increasing by six 
workers (600 per cent) (Australian Bureau of Statistics, 2003b). 
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Figure A8 Increasing industries timeseries for the Shire of Perenjori (Australian Bureau of Statistics, 
2003b). 
Industries that have been decreasing since 1991 are the Retail Trade losing 5 workers (-33 
per cent), and Transport and Storage losing 18 workers (78 per cent) (Australian Bureau of 
Statistics, 2003b). 
T15 Decreasing industries timeseries for 
Shire of Perenjori
0
5
10
15
20
25
1991 1996 2001
Census year
Employed 
persons
Retail Trade
Transport and Storage
 
Figure A9 Decreasing industries timeseries for the Shire of Perenjori (Australian Bureau of Statistics, 
2003b) 
2. Industry 
Overview of the Mid West Region 
The Mid West Region consists of a coastal strip rapidly developing in terms of tourism and 
the fishing industry, and a large inland area based on agriculture and mining (Northern 
Agricultural Catchment’s Council, 2004). The region’s workforce is becoming concentrated 
along the coast (Northern Agricultural Catchment’s Council, 2004). Future developments 
inland look towards sustainable energy, mining industry, and diversification of agriculture 
such as intensive agriculture (such as olive groves, fruit and vegetables) will develop 
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according to the availability of groundwater allocations (Northern Agricultural Catchment’s 
Council, 2004). 
Perenjori Town Overview 
Inland towns, such as Perenjori are experiencing decline, faced with rising watertables and 
salinity that is deteriorating infrastructure and increasing the need for maintenance (Northern 
Agricultural Catchment’s Council, 2004). 
In a region that has previously been focused on primary production, secondary industry, such 
as those related to the mining industries, is increasingly providing more employment 
opportunities and growth (Department of Local Government and Regional Development, 
2003a). 
2.1 Agriculture 
Perenjori supports a type 4 bin for CBH which is only resourced during harvest receivals 
(CBH, 2004).  
Diversification of agriculture 
The Perenjori area has medium and low rainfall sandplain soils and medium/heavy textured 
soils, that are not suitable for horticultural purposes due to the low rainfall, however 
floriculture (wildflower harvesting) is an increasing industry within the Mid West region 
(Northern Agricultural Catchment’s Council, 2004). Horticulture may be possible with an 
increased supply of water for irrigation (Northern Agricultural Catchment’s Council, 2004).  
Pastoral beef is also a suitable industry according to rainfall and soils, as well as proximity to 
the port of Geraldton. Perennial pastures would also be beneficial for reducing recharge in 
the area (Northern Agricultural Catchment’s Council, 2004).  
Biofuels, such as oil mallees, have also been identified as a potential industry and may ease 
the high demand for power in the area (Northern Agricultural Catchment’s Council, 2004).  
2.2 Tourism 
Attractions 
Travelmate (2004) lists Perenjori’s attractions as: Perenjori-Rothsay Heritage Trail-gold mine; 
the mining ghost town of Rothsay; Camel Soak; Vermin proof fence and Wildflowers July to 
September.  
2.3 Secondary industries 
Minerals 
Gypsum production of 846 tonnes at a value of $9306 (Department of Industry and 
Resources, 2004). 
Mount Gibson has significant reserves of high quality kaolin, and the mine’s owner looking 
for a joint venture partner in order to establish a kaolin beneficiation plant at Perenjori (Mid 
West Development Commission, 2004a). 
The Northern Agricultural Catchment’s Council (2004) suggests harvesting of salt and 
minerals from salt water (e.g. Town of Kalannie) and saltland farming systems. 
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3. Infrastructure 
Good infrastructure and roads are required to attract new industries to inland areas and 
support any existing industries. Thompson (2005) believes that infrastructure within the 
Perenjori shire is lacking and they have been unsuccessful in attracting government funding 
for these purposes. 
3.1 Energy 
Perenjori is part of the South West Electricity grid with all power generated in Perth, with a 
substation at Three Springs (Shire of Perenjori, 2002b). Power infrastructure in the Mid West 
region is generally in poor condition, possibly due to limited funds available for maintenance 
(Northern Agricultural Catchment’s Council, 2004).  
Perenjori has been identified as the preferred site for a one gigawatt solar power project 
(starting with a 10 megawatt pilot project) to generate electricity for mining activities in the 
area (ABC News Online, 2004a; ABC News Online, 2004a). The development of this project 
would also provide opportunities in manufacturing of solar cells locally, as well as 
environmental benefits by avoiding carbon dioxide pollution (Mid West Development 
Commission, 2004c).  
Currently the major obstacle is that Western Power will not guarantee that they will purchase 
the power produced from the solar cells into their power grid. This would be the most 
effective way to distribute the power in order to provide a continuous electricity supply, not 
just during the day (Thompson, 2005).  
The lack of established electricity supply has been a major factor for companies interested in 
investing in the Perenjori area. In 2001 GKM Minerals proposed a production plant for 
alumina and silica in the vicinity of Perenjori, with 50–60 employees which would be living in 
the town (Shire of Perenjori, 2001). 
3.2 Road 
The Perenjori-Mt Gibson Road is part of infrastructure works aimed at making the area more 
accessible and developing the mining, agricultural and tourism industries (Department of 
Local Government and Regional Development, 2003a).  
3.3 Rail 
The railway is used only for transporting grain from CBH receival points (Shire of Perenjori, 
2002b). 
3.4 Accommodation 
The Shire of Perenjori has 3 hotel/motel rooms with facilities and 12 lodge rooms combining 
for a total of 15 lettable units (Tourism Western Australia, 2004). 
4. Conclusion 
With decreasing employment opportunities in the current agriculture sector, the town of 
Perenjori is looking towards alternative industries, with secondary industries being 
concentrated on. The Shire is looking at incentives for attracting these industries including 
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good infrastructure, a low cost power supply and large quantities of high quality water for 
processing.  
Water is also seen to be important for the greening of the town, such as town ovals and 
gardens.  
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APPENDIX B: 
Meeting with Perenjori Shire Council – 20 December 2007 
Summary of Priorities, Issues and Desirable actions 
Including resolution and priority ranking passed by council 20/12/07 – Note some 
overlap between Column 1 and Column 2 accommodated by multiple priority 
assignments. 
Problem or related Issue (identified at 
RT-LA/Council Meeting December 2007) 
Priority Actions (ranked 1,2,3… and 
resolution carried by Perenjori Shire 
Council – December 2007) 
Surface water and flood management + 
water retention for irrigation/offset Water 
Corp cost 
6. Stormwater harvesting from roads and 
townsite 
Runway runoff – airport 4. Water harvesting from the aerodrome 
CBH runoff 3. Water harvesting from old CBH site (CBH 
Perenjori) 
Better dam sealing – bentonite options/geo-
textile options 
1. Refurbishment of dams 
Up-catchment bank diversions/gated to 
capture flow 
2. Work on catchment to the dams, 
including repair of roaded catchments and 
harvesting water from CBH Perenjori North 
5. Installation of a gateway in large townsite 
flood control diversion bank 
CBH North – small dam 2. Work on catchment to the dams, 
including repair of roaded catchments and 
harvesting water from CBH Perenjori North 
Road runoff water harvesting 6. Stormwater harvesting from roads and 
townsite 
Roaded Catchment rehabs – engineering 
advice 
2. Work on catchment to the dams, 
including repair of roaded catchments and 
harvesting water from CBH Perenjori North 
Stormwater harvesting at east of town 6. Stormwater harvesting from roads and 
townsite 
Water Management Plan for the Town of Perenjori: A Preliminary Community Profile 
 
B2 
  
C1 
APPENDIX C 
Surface Water 
 
 
 
 
Christopher Boyes 
DAFWA 
 
 
 
 
 
 
 
 
 
October 2009 
Water Management Plan for the Town of Perenjori: A Preliminary Community Profile 
 
C2 
 
APPENDIX C: Surface Water 
 
C3 
Contents 
1. Introduction   .........................................................................................................  5 
2. Background   .....................................................................................................................  5 
3. Surface Water Processes   .............................................................................................  6 
3.1 Landscape position   ......................................................................................  6 
3.2 Surface Water Flow characteristics   ..............................................................  7 
4. Catchment Analysis   ......................................................................................................  7 
4.1 Perenjori Greater Catchments   .....................................................................  7 
4.2 Perenjori Sub-Catchments   ...........................................................................  9 
4.3 Runoff diversion   ...........................................................................................  9 
4.4 Modelled sub-catchment yields   ....................................................................  10 
5. Surface water dynamics   ...............................................................................................  11 
5.1 Catchment recharge   .....................................................................................  11 
5.2 Salinity risk assessment   ...............................................................................  11 
5.3 Runoff within the town   ..................................................................................  11 
6 Existing water supplies   ................................................................................................  11 
6.1 Dams    ......................................................................................................... 11 
6.2 Scheme water   ..............................................................................................  11 
7. Proposed water supplies   .............................................................................................  12 
7.1 CBH option   ...................................................................................................  12 
7.2 Farmland catchments   ...................................................................................  12 
7.3 General   ........................................................................................................  12 
8. Proposed water supply layout   ....................................................................................  14 
9. Salinity Management   .....................................................................................................  14 
9.1 Surface water management to remove excess water    ................................. 14 
9.2 Groundwater control   .....................................................................................  15 
10. Conclusions   ....................................................................................................................  15 
11. Recommendations   .........................................................................................................  15 
11.1 Construct a new dam in Jim Gilmour’s paddock   ..........................................  15 
11.2 New CBH sump   ............................................................................................  15 
11.3 School oval storage tanks   ............................................................................  15 
11.4 Showground storage tanks   ..........................................................................  16 
11.5 New reticulation infrastructure   ......................................................................  16 
Other options    ...............................................................................................  16 
11.6 Renovate existing dams   ...............................................................................  16 
11.7 Renovate roaded catchments   ......................................................................  16 
11.8 Diversion bank floodgate   ..............................................................................  16 
Water Management Plan for the Town of Perenjori: A Preliminary Community Profile 
 
C4 
11.9 Optimise irrigation scheduling   ......................................................................  17 
11.19 Waterwise = Saltwise   ...................................................................................  17 
12. References   .......................................................................................................................  17 
12.1 Perenjori shire water consumption records   ..................................................  17 
12.2 Bulletin 4628 ISSN 1448 – 0352 entitled Wheatbelt waterwise = 
saltwise   .........................................................................................................  17 
 
APPENDIX C: Surface Water:  
 
C5 
1. Introduction 
This section of the overall report covers surface water aspects and associated processes in 
the Rural Towns Liquid Assets Project (RT–LA Project) for the town of Perenjori. The report 
defines identified surface water problems and recommends associated management options 
as part of the Water Management Plan for the Shire of Perenjori. 
Water management priorities and objectives derived under the RT–LA project are designed 
to develop water resources for sustainable water use throughout the town and promote new 
water use options, whilst emolliating any townsite salinity. The study area encompasses the 
townsite and the catchment area principally to the west of the town. 
The Perenjori Shire has been involved with DAFWA’s Rural Towns Program since 1998. A 
drilling project conducted throughout the town landscape under the Rural Town 1 and 2 
project banner previously defined the groundwater status, salinity risk, groundwater 
modelling, flood risk analysis and introduced an ongoing monitoring program (see appendix 
E ‘Groundwater’).  
This ‘Surface Water Report’ extends the research, knowledge and management potential of 
the surface water dynamics and harvesting potential. The report focuses on the assessment 
of surface water flows affecting the town, management techniques and options (current and 
proposed) that aim to maximise the asset value of these surface water flows, to develop an 
entire town water balance and ultimately a town water resource management plan. All 
surface water referred to in this report is non-potable quality and suitable for purposes such 
as irrigation. Water dealt with in this report is not suitable for human consumption. 
2. Background 
Perenjori is located approximately 285 kilometres North of Perth in the northern agricultural 
region of the Western Australian wheatbelt and has a population of approximately 200 
residents. 
This report will focus on surface water processes and interactions that will permit 
development of sustainable water resources, management of these water resources whilst 
identifying compatible salinity management options. 
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Figure C1 Location of Perenjori townsite within the Perenjori Shire and Northern Agricultural Catchments 
Council boundary 
3. Surface Water Processes 
3.1 Landscape position 
In the wheatbelt rural towns of Western Australia, there are principally four landscape 
categories that influence surface water processes and characteristics: 
3.1.1 Break of slope  
3.1.2 Basin 
3.1.3 Valley floor 
3.1.4 Riverine 
Perenjori is in the valley floor category. 
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3.2 Surface Water Flow characteristics 
The surface water flows affecting the town of Perenjori are characterised by the term ‘valley 
floor’, this mechanism will be explained in greater detail below.  
Surface water processes encompass two components: runoff and subsurface flow. Runoff is 
derived from soil infiltration excess or soil saturation excess. When rainfall occurs, a 
proportion infiltrates the soil surface and the remainder is attributed to runoff. Runoff can 
distribute across the landscape from metres to many hundreds of metres. Once runoff enters 
valley landscapes it is described as stream flow. 
Subsurface flow is the portion of rainfall that has infiltrated the soil profile. If the soil profile 
has sufficient conductivity (porosity) and connectivity (permeability) then water can move 
through the soil, and slope water will move down slope until a change in soil type or 
characteristic occurs. This is usually associated with a break of slope where the conductive 
top soil is removed and a less conductive soil emerges. 
Once runoff enters valley landscapes it is described as stream flow and these flows combine 
with flows from adjacent watersheds, eventually the flows from all the watersheds enter a 
river, lake, estuary, reservoir, wetland sea or ocean. 
At localised the low points in the valley water can collect and will cause some form of land 
degradation either waterlogging or salinity. 
Runoff and stream flow can degrade the landscape if redistribution is not sufficiently 
controlled and any excess removed safely. Overland flow can become saline through two 
processes: accumulation of salt by passing over degraded saline soils or once inundated the 
water infiltrates the soil and under capillary and evaporative pressure ex-filtrates, causing the 
remobilisation of salt towards the ground surface. Over time the soil and water resources 
become increasingly more saline. 
The town of Perenjori has both surface and subsurface runoff processes to manage. The 
reason for this will be explained in the next section of this report. 
4. Catchment Analysis 
4.1 Perenjori Greater Catchments 
Perenjori is located in the low rainfall district with average annual rainfall of 314 mm. The 
townsite is located in a valley and is affected by catchments to the north, east and to a lesser 
extent to the south of the town. Figure C2 below depicts the greater catchments up to 50 km 
radius from Perenjori.  
The combination of reducing average annual rainfall since 2000 and reduced efficiency of 
these catchments in terms of runoff threshold has lead to the concept of using hard surfaces 
(with a low runoff threshold) within towns to generate a new source of water. 
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Figure C2 Greater catchments in the Perenjori district 
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4.2 Perenjori Sub-Catchments 
Figure C3 below depicts the sub-catchments within a 25 km radius of Perenjori. For the 
same reasons stated above where the greater catchments were discussed, these 
sub-catchments do not offer a reliable source of water to the townsite. 
The sub-catchments have been plotted from DEM (digital elevation model) data. For the 
sake of clarity minor stream flows have been aggregated to form the major stream flows 
indicated in Figure C3. The label in each sub-catchment is the sub-catchment area in ha. 
Sub-catchments boundaries that create runoff surrounding the town of Perenjori are outlined. 
The town sub-catchment covers an area of approximately 5510 ha and varies in elevation 
from 310 m above Australian Height Datum (AHD) in the upper reaches of the western valley 
floor depicted, down to 260 m above AHD to the east of Perenjori townsite  
A diversion bank west of the townsite modifies the natural surface water flows that originate 
from the high ground west and north west of the town to prevent townsite flooding. A breach 
has subsequently been created in the diversion bank to allow small catchment flows to enter 
the town dams.  
Surface water flows generated by the catchments to the west and south west of the townsite 
also bypass the town dams. Runoff from these catchments are likely to be contaminated with 
salt as the landscape to the west and south west shows significant degradation due to salt 
accumulation in the areas where the surface water flows. A sub-catchment to the north of 
Perenjori generates runoff that flows through the eastern part of the town. This water is 
intercepted as it leaves the townsite and directed south and east away from the town by a 
diversion bank on the Gilmour property.  
Areas of the western and south western catchments are 1923 ha and 696 ha respectively. 
The north western catchment is 1438 ha in area. 
The very subdued landscape surrounding Perenjori dictates that surface water moves 
extremely slowly through the flat and wide valley floors. Once clear of the townsite, flows 
follow a poorly defined drainage line east towards a series of salt lakes located to the north 
east of Perenjori before entering the Yarra-Yarra river system. The Yarra Yarra Lake very 
occasionally discharges to the headwaters of the Moore River.  
4.3 Runoff diversion 
There are three main surface water flows active in the Perenjori sub-catchments. These; are 
from the sub-catchment to the north west of the town, a second from the sub-catchment to 
the west and the third originates from the catchment to the south west of Perenjori. Most 
catchment runoff has been diverted around the town by the large diversion bank. The bank 
was installed in 1999 to prevent flooding of the townsite during heavy although infrequent 
rainfall events encountered during summer, for example from the tail end of cyclones. 
The diversion bank has now been breached allowing low flow events from the north western 
sub-catchment, such as those generated during normal winter rains, to run into the town 
dams. Water from the west and south west sub-catchments is diverted around the southern 
extremities of the town boundary by the diversion bank. 
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4.4 Modelled sub-catchment yields 
Table C1 below is an extract from the appendix J, Stormwater Conceptual design and shows 
the modelled sub-catchment yields. 
Table C1 Mean and range of yields (ML) for Perenjori catchments 1995–2006 (MUSIC) 
Catchment Area (ha) 
Mean annual 
yield (ML) 
Max. annual 
yield (ML) 
Min. annual yield 
(ML) 
Western Diversion Catchment 1125.0 219.7 1587.2 0 
CBH Catchment 16.5 19.5 50.2 10.9 
Eastern Diversion Catchment 692.1 291.9 1202.6 112.4 
 
Figure C3 Sub-catchments and surface water flows 
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5. Surface water dynamics 
5.1 Catchment recharge 
As the valley floor gradient is less than 1 in 300, runoff velocities and streamflow rates are 
very low during low–medium events. The sluggish runoff creates localised waterlogging and 
subsequent groundwater recharge where flows pond due to poorly defined drainage lines 
and flat gradients. Such areas occur in the western and south western sub-catchments. 
5.2 Salinity risk assessment 
There is a low risk of salinity throughout the townsite of Perenjori mainly due to the reduced 
average annual rainfall experienced since year 2000 and the high evaporation rates in the 
area. A combination of these two factors is the main cause of groundwater level decline.  
5.3 Runoff within the town 
As part of this project a surface water monitoring site has been established that uses latest 
technology capture, measure and transmit water quantity and quality information. Installed in 
December 2008, this system will provide useful information to assist the Shire to assess 
potential water harvesting opportunities. 
The is a large volume of runoff generated by sealed surfaces such as roads, roofs, the CBH 
facility and the hard standing immediately to the west of the railway line that is not currently 
being collected in dams. Flows generated during low intensity rainfall events are finding their 
way into the town drainage system and are then directed out of town. 
6 Existing water supplies 
6.1 Dams 
The town is currently equipped with three dams which collect surface water only from the 
sub-catchment to the north west of the townsite. 
Town Dam 1: 20 ML 
Town Dam 2: 10 ML 
Town Dam 3: 5 ML 
Total 35 Ml 
The information concerning existing dams summarised in Table C2 below was provided by 
the Shire of Perenjori in 2009. 
6.2 Scheme water 
Perenjori is currently purchasing approximately 20 ML of scheme water per annum to 
supplement the town dams used for irrigation. The total volume of the town dams is 35 ML 
which is currently inadequate to provide irrigation water security given the current rainfall and 
evaporation patterns for the region. 
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7. Proposed water supplies 
7.1 CBH option 
Runoff from the CBH hardstand area along with the adjoining sealed surfaces such as roads, 
roofs and truck parking area immediately west of the railway line could be captured from 
summer thunderstorms as well as low intensity rainfall events normally experienced during 
winter. The water harvested from the CBH site could supplement the surface flows from the 
north-west catchment and be used to top up the Town Dams. Alternatively (or preferably), it 
could be pumped to new 250 kL storage tanks.  
7.2 Farmland catchments 
It is possible to increase the quantity of harvested surface water by capturing the runoff from 
the western and the south western agricultural catchments. However there is a risk of this 
water being more saline than the surface water that can be captured from within the town 
from sealed surfaces. 
Catchment areas for the west and south-west catchments are 1923 ha and 696 ha 
respectively. The north-west catchment is 1438 ha. 
7.3 General 
It is recommended that the town of Perenjori have a dual supply of surface water, i.e. to 
harvest surface water from sealed townsite surfaces along with the dams fed by those 
traditional agricultural land catchments. The proposed new works to capture surface water 
from sealed surfaces will be discussed further in this report. 
The proposed new dam, sump, tanks and reticulation layout are summarised in Table C2 
below. 
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Table C2 Existing dams and proposed works 
Asset # Status Dams Sumps Tanks Pipelines 
Volume or 
length 
Capital cost 
Operating 
cost per 
annum 
1 Existing
 
Town Dam #1    15 ML   
2 Existing
 
Town Dam #2    10 ML   
3 Existing
 
Town Dam #3    5 ML   
4 Existing
 
   From Town Dam #1 To Showground Oval 0.5 km   
Asset #
 
Status Dams Sumps Tanks Reticulation pipelines 
Volume 
or length 
Capital cost 
Operating 
cost per 
annum 
5 Proposed Gilmour Dam    30 ML $185 000 $3 416 
6 Proposed   
4 x 250 kL 
(less pad) 
 1.0 ML $116 000  
7 Proposed    
Gilmour Dam to School Tanks, Showground Oval, CBH 
Sump and existing town dam Pipeline 
2.6 km $  13 000  
8 Proposed  CBH Sump   2 ML $  55 000 $3 416 
     TOTALS  $369 000 $6 832 
 
 Cost assumptions $ 
1 Pipeline (per km) $  5 000 
2 Pump at CBH sump $  3 416 
3 Power supply capital cost $15 000 
4 Operating costs of pumps are supplied by Grundfos  
5 The capital cost of ‘Tanks‘ includes pump and power supply  
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8. Proposed water supply layout 
The following water harvesting, storage and reticulation infrastructure (see Figure C4) is 
proposed: 
 A new dam (on Jim Gilmour’s property) east of town to capture runoff from the natural 
sub-catchment plus townsite sealed surfaces east of Fowler Street 
 A new sump to harvest flows generated by the CBH site and adjacent sealed surfaces 
west of Fowler Street 
 Two 250 000 L storage tanks adjacent to the schools sports oval 
 Two 250 000 L storage tanks adjacent to the showground oval 
 Pipelines to connect the Gilmour Dam to the school water tanks, the showground water 
tanks, the CBH sump and the Town Dam 1. 
 
Figure C4 Proposed New Dam, CBH sump, storage tanks and pipeline locations 
9. Salinity Management 
9.1 Surface water management to remove excess water 
Salinity management can best be achieved by controlling the movement and disposal of the 
surface water flowing into and within the town. As such, the water conservation strategies 
outlined above for capturing, diverting and storing runoff will achieve both salinity control and 
water supply objectives. 
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9.2 Groundwater control 
Groundwater investigations conducted in 2000/01 concluded that salinity control by lowering 
watertables could not be achieved through groundwater pumping. Monitoring and modelling 
groundwater levels since 2000 have reinforced this finding. Watertable levels have been 
declining in any event since 2000 and are unlikely to reverse during the current period of 
reduced rainfall. 
10. Conclusions 
The RT-LA Project has identified a set of surface water control engineering solutions to 
achieve two major goals: 
10.1 Reduced reliance on scheme water (costing approx $50 000 per annum, in 2006/07) 
for reticulation of the towns sporting and recreational assets; and 
10.2 Reduced salinity risks by managing the surface water generated from the towns sealed 
surfaces, to minimise groundwater recharge. 
By implementing the recommendations outlined below the town of Perenjori will have 
increased storage capacity of harvested surface water to use for irrigation purposes. 
11. Recommendations 
11.1 Construct a new dam in Jim Gilmour’s paddock 
The proposed new 30 ML Gilmour Dam would capture stormwater from the high shedding 
surfaces east of the railway line, including the new residential sub-division. It will also collect 
runoff from the sub-catchment north of the town, including the airstrip.  
11.2 New CBH sump 
The proposed sump adjacent to and downstream of the CBH site will harvest runoff 
generated from the wheatbin. Currently this water resource is lost as it flows through and out 
of town to join the water that is diverted by the diversion bank. The precise location for this 
sump is yet to be finalised. 
Preliminary estimates are that between 10 ML and 15 ML per annum could be harvested 
from a proposed 2 ML sump to be located between the school and CBH. A more thorough 
design exercise will need to be undertaken to establish the optimum combination of sump 
size, pump duty and storage tank capacity to match the yields expected from the catchment.  
11.3 School oval storage tanks 
The use of storage tanks adjacent to the schools sports oval will increase the existing town 
dam storage capacity (currently 35 ML) by 0.5 ML. Tanks are preferred to additional dams as 
they eliminate seepage and evaporation losses currently experienced from the town dams. 
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11.4 Showground storage tanks 
Install additional storage tanks adjacent to the schools sports oval to increase onsite storage 
capacity by another 0.5 ML. Tanks are preferred to additional dams as they eliminate 
seepage and evaporation losses currently experienced from the town dams. 
11.5 New reticulation infrastructure 
Link the proposed Gilmour Dam to the proposed storage tanks at the school oval, the 
proposed showground tanks, the proposed CBH sump and the Town Dam #1 as depicted in 
Figure 5 below. 
The proposed primary school and showground tanks will hold a total of 1.0 ML. Additional 
harvested surface water from the CBH sump will be stored in the new Gilmour Dam or the 
existing Town Dam #1. Use of tanks will eliminate evaporation and seepage losses. 
Other options 
Recommendations 8.6 to 8.10 are relevant to existing infrastructure. 
11.6 Renovate existing dams 
The three existing town dams need renovation to increase storage capacity to ensure that 
the town’s 20 ML/yr demand can be met. To meet this demand at least one of the three town 
dams will need to be upgraded to store water in excess of the 31 ML proposed storage 
capacity. 
Renovation may include: 
 removing accumulated silt and debris 
 cutting back the batters to a minimum 1:3 gradient 
 relining the batters with fresh material from the bottom of the excavation. Water bind 
and compact with a sheep’s-foot roller during relining. If necessary, apply gypsum, 
bentonite or STPP during re-lining 
 repair or replace pumping and reticulation equipment. 
11.7 Renovate roaded catchments 
The roaded catchments to the north of the town are overgrown and require renovation to 
reduce runoff thresholds and increase yields during low intensity rainfall events.  
11.8 Diversion bank floodgate 
A breach in the diversion bank above the town roaded catchment allows most runoff through 
and into the dams. However, with an open breach the town is unprotected from flooding 
events such as the one that occurred in 1999. Installation of a well designed flood control 
gate in the diversion bank channel is required to protect the town during major events, yet 
allow flows to the dam when normal seasonal runoff occurs.  
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11.9 Optimise irrigation scheduling 
The watering regime for the school and showground ovals should be optimised to improve 
water usage efficiency and minimise losses through over watering. Water application 
measuring equipment and evaporation tables should be used to gauge soil moisture content, 
irrigation coverage and evaporation losses. The information is then used to calculate when 
and how much water to apply. When applied, optimised irrigation schedules reduce the 
amount of water required to maintain plant growth, promote healthy ovals, eliminate 
waterlogging and reduce the demand for water. 
11.19 Waterwise = Saltwise 
The ‘Wheatbelt waterwise = saltwise’ gardening guide provides advice on the 
establishment and maintenance of drought tolerant or salt tolerant species in the low and 
medium rainfall regions of WA. It explains how it is possible to create beautiful gardens and 
parks with a minimum of irrigation water. The booklet is designed for use by Shires, home 
gardeners, managers of parks and sports grounds, and those responsible for landscaping 
road verges, clubs and public buildings. 
Published as Bulletin #4628, the booklet may be downloaded from the DAFWA website at: 
http://www.agric.wa.gov.au/content/HORT/FLOR/BULLETIN4628.PDF  
12. References 
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Summary 
A rapidly acquired gravity survey was conducted in Perenjori, on 23 and 24 July 2007, to 
provide information on depth to bedrock and geological structures. Gravity surveying was 
done at 223 gravity stations with 40 metre spacing along nine of the town streets to provide 
an indication of depth to bedrock. Interpretation showed depth to bedrock ranging from about 
26 to 35 metres below groundlevel. Previous borehole investigations indicated depths from 
23 to 34.5 metres. 
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1. Introduction 
To understand the hydrogeology of a townsite, it is important to understand the underlying 
geology and especially the geometry of the underlying basement rocks and the regolith 
material that lies between bedrock and ground surface. A gravity survey was conducted 
along nine streets in the town to help mapping of depth to bedrock. 
Geophysical methods are useful because they do not disturb the ground and are low cost 
and rapid. Gravity is particularly useful because it can be widely used and is not affected by 
powerlines or buildings. Measurements are made during times when vehicles are not 
passing close by. Surveying also includes GPS measurements of horizontal and vertical 
coordinates. These are all measured to better than 5 cm accuracy. 
2. Regional geology 
Baxter and Lipple (1985) mapped the regional geology for the Perenjori 1:250 000 map 
sheet. Perenjori is located in the north west of this map sheet. The geographic location of the 
townsite is 29 degrees 25 minutes south and 116 degrees 17 minutes east. 
GSWA (2005) have made available on DVD, images of the 1:250 000 scale geology map 
sheets for the State of WA in digital form as ecw files. Figure D1 of this report shows the 
outcrop geology from this dataset for the area around Perenjori. Perenjori is located on the 
western side of the Archaean Yilgarn craton with extensive granitoid rocks nearby. Baxter 
and Lipple (1985) described the granitoid rocks as being made up of two groups: granite to 
granodioritic batholiths, and granite stocks. Arriens (1971) has dated the granitoid rocks with 
ages between 2.22 and 2.90 million years. 
Outcropping granitoid rocks are shown on Figure D1 in light red colour, mainly to the north of 
Perenjori but other outcrops are shown to the southwest and southeast of the town. The 
basement rock below Perenjori is predominantly granite. The basement has been cut by 
dolerite dykes and quartz veins (Baxter and Lipple, 1985). 
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Figure D1 Perenjori geology and location of gravity survey 
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3. Borehole information 
Information for the bore monitoring network installed in Perenjori in 2000 has been provided 
by Speed (2001). Speed reported on the results from twelve monitoring bores and one 
production bore, which showed bedrock depths varying from 23 to 34.5 metres below ground 
surface (Table G1). Granitoid rocks were intersected at twelve of these sites and dolerite at 
one. Note that the coordinates provided in Speed (2001) are AGD84 coordinates and 
required updating to GDA94 coordinates. This has been done as part of this current 
geophysical report. 
The increments are +140.6 metres for eastings and +150.2 metres for northings. 
The table below provides information for these 13 bores. Note that at the time of 
observation—June 2000—the depth to groundwater in these 13 bores varied from 1.36 m to 
3.63 m below groundlevel. 
Depth to bedrock information is included in Figure D2 of this report. 
Table G1 Summary of bore information from Speed (2001) but with updated GDA94 coordinates 
Bore ID gda94 E gda94 N 
AHD  
(m) 
Bedrock 
depth (m) 
EC 
(mS/m) 
G’water 
depth (m) 
OOPJ01D 429719.5 6742831.4 279.5 29.5 2280 1.36 
OOPJ02D 429848.7 6743623.9 281.3 * 2080 3.63 
OOPJO3D 430340.0 6743086.0 278.7 23.0 2190 2.12 
OOPJ04D 430836.4 6743000.7 277.5 32.0 1190 1.36 
OOPJ05D 430821.0 6743241.7 277.6 34.5 2710 1.98 
OOPJ06D 430656.3 6742766.1 278.0 30.0 3320 1.86 
OOPJ07D 431131.2 6742872.9 276.9 34.0 4340 1.98 
OOPJ08D 431054.1 6743018.9 277.0 32.5 2300 1.68 
OOPJ09D 430993.9 6742707.9 277.4 34.0 3850 2.21 
OOPJ10D 430979.6 6743189.5 277.1 31.5 2200 1.61 
OOPJ11D 430837.3 6742958.2 277.5 32.0 1950 1.68 
OOPJ12D 430850.6 6742969.8 277.5 28.0 1510 1.75 
OOPJP1 430850.6 6742969.8 277.7 32.0 2250 1.88 
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Figure D2 Perenjori townsite image with bore sites and depth to bedrock 
4. Gravity survey 
The gravity method measures variations in gravity due to density contrasts in the Earth. The 
contrasts are measured to a high degree of accuracy (about 1 part in 100 million) to produce 
a map detailing the underlying geology. The strength of the earth’s gravity field is 
approximately 980 000 mgals (1 gal is an acceleration of 1 cm/sec/sec). Bouguer gravity is 
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the name given to the gravity measurements after correction for all the non-geological 
components of the field. 
Gravity measurements are made together with accurate GPS surveying to accuracy better 
than 5 cm in easting, northing and height above sea level. The resulting digital elevation 
dataset is a useful product in its own right and can be added to the already known survey 
data in the town.  
223 gravity stations were measured in Perenjori between 3 and 5 August 2007 by Haines 
Surveys under contract to CRC LEME. The stations were located on 10 lines along streets 
and roads. Station spacing was 40 metres. Station locations are shown in Figure D3 with red 
triangles. 
Each measurement including instrument setup takes approximately 3 minutes. Further detail 
on the logistics and survey operations are available in the Haines Surveys report listed in the 
References section of this report. Gravity measurements were made using a Scintrex CG5 
gravity meter shown in Figure D3. This reads to 0.005 mgals. Readings of 120 seconds were 
made at base stations and at 40 seconds at all other survey stations. Base station readings 
were taken at start and end of each day to enable drift corrections to be made. Survey 
positions were obtained using Trimble 4000 geodetic GPS receivers in real time kinematic 
mode which give horizontal and vertical positions to within 5 cm.  
Figure D4 shows a townsite image with 1 metre digital elevation (DEM) contours 
superimposed. The DEM data is obtained from the Land Monitor dataset. DEM heights are 
heights above sea level. The heights vary from 275 metres in the east of the image to 286 
metres in the west. Gravity stations are shown with red triangles on this Figure. 
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Figure D3 Scintrex CG5 Autograv meter, top view 
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Figure D4 Perenjori townsite image with I metre DEM contours from Land Monitor dataset and gravity 
surveying points shown with red triangles 
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5. Gravity results and interpretation 
The acquired gravity data are combined with all the horizontal and vertical positional data to 
form a combined database. Observed gravity data are corrected for: drift, height, latitude, 
tides and conversion to absolute units (milligals). The gravity data were tied into an absolute 
station where Geoscience Australia have previously measured and computed absolute 
gravity. The benefit of tying into an absolute station is that the new data can be combined 
with pre-existing survey data to provide a larger dataset. Future surveys can also add to this 
information. Geoscience Australia has built up a country-wide gravity network on an 
approximately 11 x 11 km grid. In places this has been infilled to closer spacing, 
e.g. 4 x 4 km and also road traverses. 
The final corrected gravity unit of measurement is called Bouguer gravity unit and this is 
usually calibrated for a bedrock density of 2.67 g/cc (typical of granites). This is the dataset 
which is usually used for interpretation. For the Perenjori survey Bouguer gravity for density 
2.67 g/cc varied from –1.64 mgals in the east to 1.19 mgals in the south west of the survey 
area. Figure D4 shows the Bouguer gravity image and contours superimposed on the 
townsite image. 
Depth to bedrock has been computed using a technique called Euler deconvolution which 
works on gravity gradients. Results from this process are shown in Figure D6. Depth 
estimates are shown as red numbers on the image. Depths are in the range 26 to 35 metres 
which closely agrees with previous drilling results. 
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Figure D5 Perenjori townsite and Bouguer gravity image 
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Figure D6 Perenjori townsite image with bedrock depths from gravity interpretation 
APPENDIX D: Geographical studies at Perenjori 
 
D17 
6. References 
Arriens PA 1971. The Archaean geochronology of Australia. Geological Society of Australia 
Special Publication No. 3, pp. 11–23. 
Baxter JL & Lipple SL 1985. Explanatory notes for Perenjori 1:250 000 geology map sheet 
SH 5006, Geological Survey of Western Australia. 
GSWA 2005. Atlas of 1:250 000 geological series map images Western Australia (on DVD). 
Haines Surveys 2007. Perenjori Gravity Survey Report. 
Speed R 2001. Groundwater study of the Perenjori townsite. Resource Management 
Technical Report 217, WA Department of Agriculture and Food. 
 E1 
APPENDIX E: 
Groundwater Report 
 
 
 
 
Bob Paul 
 
 
 
Department of Agriculture and Food, Western Australia 
 
 
 
 
 
October 2009 
Water Management Plan for the Town of Perenjori: A Preliminary Community Profile 
 
E2 
 
APPENDIX E: Ground Water Report 
 
E3 
Summary 
Perenjori townsite is located 280 km north of Perth. Approximately 200 people reside in the 
Perenjori townsite which is a service centre for agriculture, the main industry in the district. 
In 2000 the water levels in Perenjori townsite were around 2 metres below groundlevel and a 
groundwater study was carried out with the aim to accelerate the implementation of effective 
salinity management options. The study included a drilling investigation and installation of a 
piezometer network, a pumping test and groundwater flow modelling. 
The groundwater study found that the band of grits above the unweathered basement was 
thin The hydraulic conductivity of the regolith appeared to be low and elevations of 
groundwater levels changed little across the townsite, therefore it was inferred that the 
volume of lateral groundwater flow would be low also. 
Groundwater monitoring commenced in Perenjori townsite in 2000 and regular 
measurements of groundwater depth, EC, pH and temperature have been recorded since 
then. The groundwater depth measurements show there is a declining depth to groundwater 
over time under the townsite and the average water level in February 2009 was 3.90 metres 
below groundlevel. Perenjori shows a water level decline of approximately 0.2 to 0.3 metres 
per year since 2000. 
An analysis of rainfall figures since 2000 show there has been a 25 per cent decline in 
rainfall in the last ten years. The decline in rainfall means that available water to recharge the 
groundwater aquifers has also declined leading to falling groundwater levels. 
Decreasing annual rainfall is the main driver of declining groundwater levels. If the rainfall 
patterns remain as they are currently, the groundwater levels are expected to decline further. 
If the rainfall increases then it is expected that water levels could start rising again. 
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1. Introduction and background 
This report describes the hydrogeology of the Perenjori townsite which analyses the 
hydrogeology below the town and reviews the groundwater monitoring data gathered 
between 2000 and 2009. This groundwater stu dy was undertaken as part of the Perenjori 
Rural Towns – Liquid Assets project. 
Perenjori is 280 km north of Perth and 180 km east-south-east of Geraldton (Figure E1). The 
population in the shire of Perenjori was 528 on 8 August 2006 (Australian Bureau of 
Statistics, 2009a) with 208 people residing in Perenjori town (Australian Bureau of Statistics, 
2009b). Agriculture is the main industry in the district. Wheat and sheep farming dominate, 
with lupins, legumes, barley and canola grown in cropping rotations.  
 
Figure E1 Perenjori Location Map 
1.1 Description of the town catchment 
Perenjori townsite is in the lower part of a 5240 ha catchment that varies in elevation 
between 334 and 278 m above AHD (Australian Height Datum). All of the townsite lies 
between 278 and 280 m above AHD (Speed 2001). The catchment is predominantly cleared 
for agriculture and there are only three significant areas of remnant native vegetation 
representing just over 7 per cent of the catchment area. 
1.2 Natural drainage 
Natural drainage in the catchment area above the townsite is ill-defined. The townsite itself 
occupies broad flats at the junction of two indistinct drainage systems (Speed 2001). In the 
absence of well-defined natural surface drainage, substantial earthworks have been installed 
in and around the Perenjori townsite with the aim of directing floodwaters away from the 
townsite. The earthworks have worked well but have decreased surface water flows to the 
townsite dams. The earthworks have been breached recently to allow more surface water 
into the dams. 
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Figure E2 Perenjori Town Catchment 
1.3 Geology 
The basement rock below Perenjori is predominantly medium even grained adamellite-
granodiorite and is part of the Yilgarn Craton (Baxter and Lipple 1985). The basement has 
been intruded by dolerite dykes and is also cut by quartz veins.  
1.4 Climate 
Perenjori has a Mediterranean type climate with cool wet winters and hot, dry summers. The 
average annual rainfall, from 1918 to 2008, is about 326 mm/year (Bureau of Meteorology 
2009). 
1.5 Soil-Landscape units 
The soil-landscape units have been mapped by the Department of Agriculture and Food, 
Western Australia (DAFWA) and the soil-landscape units at Perenjori are shown in Figure E3 
and a summary of the soil-landscape units are in Table E1. 
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271Gn_1
271Ng_1
271Pi_2
271Ng_7
271Ng_7
 
Figure E3 Perenjori Soil-Landscape Units 
Table E1 Perenjori soil-landscape unit summary 
Map unit 
Subsystem 
name 
Soil-landscape 
description 
Salinity risk 
Present High 
271Ng_7 Noolagabbi 7 Narrow drainage line, moderate secondary salinity; 
saline loamy soils, often with red-brown hardpans. 
50% 50% 
271Ng_1 Noolagabbi 1 Level to very gently inclined valley flats; brown loamy 
duplexes and red shallow loams over hardpans. 
  1% 20% 
271Pi_2 Pindar 2 Gently undulating sandplain and gentle slopes; acid 
yellow deep sand and sandy earths with some loamy 
earths and hardpan soils. 
  0%   0% 
271Gn_1 Granada 1 Undulating plain to low rises with broad convex gently 
inclined slopes; yellow and brown deep sands and 
loamy earths, some shallow loams over red-brown 
hardpans. 
  0%   0% 
From Figure E3, Perenjori is situated predominately on the Noolagabbi 7 soil-landscape 
subsystem unit. 
2. Town water supply and wastewater 
Perenjori is supplied with scheme water from two Water Corporation bores located in the 
Arrowsmith Water Reserve, 26 km north-west of Three Springs (Figure E4). 
Perenjori has no deep sewerage scheme and all sewerage disposal is by septic tanks and 
leach drains. There are no plans to install a deep sewer system in the immediate future 
(Garry Agnew, Perenjori Manager of Community Services pers. comm.). 
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Figure E4 Arrowsmith water reserve locality map (Reproduced from DoW 2007) 
3. Hydrogeology investigations 
A hydrogeology investigation was carried out in 2000 and the investigation aimed to 
determine which salinity management options would be most effective in Perenjori (Speed 
2001). The investigation included a drilling program coupled with the installation of a 
groundwater monitoring network, a pumping test and groundwater flow modelling. 
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3.1 2000 Groundwater investigation 
Twelve monitoring sites and one test production bore were drilled in Perenjori in 2000. 
Bedrock was struck at depths between 23 and 34.5 m below groundlevel. The bedrock was 
doleritic at one of the drilled sites and granitoid at all of the others. The regolith 
predominantly consisted of residual materials, but there was a covering of about 3 m of soil 
and colluvium at many sites. Bores 00PJ01D and 00PJ05D had the highest water yields 
when airlifted. The bore locations are shown in Figure E5. A summary of the bores is in 
Table E2. 
Table E2 Perenjori monitoring bores 
Bore 
Easting 
(MGA94) 
Northing 
(MGA94) 
Ground elevation 
(m) above AHD* 
Bedrock 
depth (m) 
Grit depth 
(m) 
Estimated 
yield 
(m3/day) 
00PJ01D 429718 6742832 279.5 29.5 19–29.4 70 
00PJ01OB 429718 6742832  - -  
00PJ02D 429847 6743625 281.3 - - < 10 
00PJ02OB 429847 6743625  - -  
00PJ03D 430479 6743237 278.7 23 -  
00PJ03OB 430479 6743237  - -  
00PJ04D 430835 6743001 277.5 32 28–31.9 50 
00PJ04OB 430835 6743001  - - 10 
00PJ05D 430820 6743242 277.6 34.5 30–34.4 60 
00PJ05OB 430820 6743242  - -  
00PJ06D 430655 6742767 278 30 27–29.9  
00PJ06OB 430655 6742767  - -  
00PJ07D 431130 6742873 276.9 34 31–33.9 20 
00PJ07OB 431130 6742873  - -  
00PJ08D 431053 6743019 277 32.5 - << 10 
00PJ08OB 431053 6743019  - -  
00PJ09D 430993 6742709 277.4 34 - << 10 
00PJ09OB 430993 6742709  - -  
00PJ10D 430978 6743190 277.1 31.5 29–31.4 30 
00PJ10OB 430978 6743190  - -  
00PJ11D 430836 6742959 277.5 32 30–31.9 20 
00PJ11OB 430836 6742959  - - 10 
00PJ12D 430849 6742970 277.5 28 -  
00PJPB1  430825 6742953 277.7 32 29–31.9 30 
* AHD – Australian Height Datum 
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Figure E5 Perenjori bore locations 
 
APPENDIX E: Ground Water Report 
 
E13 
The main reason for the low yields during airlifting the bores in Perenjori townsite is the thin 
layer of grits above the unweathered basement. Grits if found in reasonably thick bands have 
been found to be the major aquifer in other rural wheatbelt towns in Western Australia. For 
example, grits in layers approximately 10 metres thick will yield about 1 L/sec. 
3.2 2000 Test pumping program 
As part of the hydrological investigation of Perenjori, Test Pumping Australia was contracted 
to carry out and analyse the test pumping program of production bore; 00PJPB01 to 
determine aquifer parameters for use in the groundwater modelling study. The yield of the 
production bore estimated during development was about 0.35 L/s (30 m3/day), which 
broadly agreed with the calculated long-term abstraction rate of 0.3 L/s (about 26 m3/day). 
3.2.1 Method 
The test pumping was undertaken between 16 and 18 July 2000. The static water level in the 
production bore prior to the test was 1.99 metres below groundlevel. The 24 hour constant 
rate test (CRT) used a discharge rate of 0.35 L/s (30 m3/day). Total drawdown in the test 
bore at the end of the constant rate test was 10.18 m (Figure E6). After 1 day pumping 
drawdowns were just starting at site 00PJ04, about 50 m away from the production bore 
(Figure E7).  
The aquifer transmissivity was estimated to be about 3 m2/day for the whole profile, giving an 
average hydraulic conductivity of about 0.1 m/day. Table E3 summarises relevant details and 
Table E4 shows distances from the pumped bore and final drawdowns at the end of the 24 
hour CRT. 
Table E3 Summary of the test pumping of 00PJPB01 
Pump inlet depth below groundlevel 29.7 m 
Available drawdown in production bore 27 m 
Pump Electric submersible 
Saturated thickness (m) 27 
Well loss Low – 7.6% 
Electrical conductivity (mS/m) 1900 
Acidity (pH) 6.1 
Safe yield (L/s) 0.30 
Table E4 Observation bore distance from pumped bore 
Bore 
Distance from pumped 
bore (metres) 
Drawdown 
(metres) 
00PJPB01 0.1 10.180 
00PJ11D 12.33 2.275 
00PJ11OB 12.33 0.925 
00PJ12D 29.77 1.720 
00PJ4D 49.47 0.075 
00PJ4OB 49.47 0.030 
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Perenjori CRT July 2000
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Figure E6 Production bore 00PJPB01 constant rate test and projected drawdown 
Perenjori CRT July 2000
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Figure E7 Distance drawdown plot at 1440 minutes pumping 
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3.3 Groundwater Modelling 
A computer groundwater model was constructed in 2000 to assess the impacts of a selection 
of possible strategies (Speed 2001). The groundwater modelling in Perenjori was undertaken 
using limited data and information. The model was used to simulate the effects of three 
different strategies: (i) do nothing differently; (ii) groundwater pumping; and (iii) groundwater 
drainage. 
Several assumptions were made due to limited data. Two recharge rates, 15 to 25 mm/year, 
were applied to the model based on topography and soil properties that were delineated from 
the hydrogeological investigation. The weighted average recharge rate of the two zones was 
approximately 6.5 per cent of the average annual rainfall. The constant head boundary and 
general head boundary for the transient model was simulated to reflect a watertable rise of 
0.05 m/year. 
Models should be validated using independent datasets. As no independent data were 
available at the time, the model was not validated. The model results are sensitive to both 
the recharge rate and values of hydraulic conductivity used, but the values used were only 
estimated from limited information or assumed, not measured. Therefore, the results from the 
modelling were indicative only and may not represent what is happening below the town. 
The recharge rate and rising watertable assumptions used in the model were best estimates 
made at the time. With hindsight, the decrease in rainfall since 2000 means the recharge 
assumptions are likely to be too high, with the model giving predicted water levels that are 
higher than the measured water levels in 2009. 
3.4 Geophysical investigation 
A gravity survey was conducted in Perenjori in July 2007, to provide information on depth to 
bedrock and geological structures (Wilkes 2008). Gravity measurements were taken at 223 
stations spaced 40 metres apart along nine of the town streets to indicate depth to bedrock. 
Interpretation of the gravity survey results showed depth to bedrock ranging from about 26 to 
35 metres below groundlevel which correlates closely with the 2000 drilling which indicated 
depths from 23 to 34.5 metres. Full details are contained in the geophysical report: 
Appendix D. 
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4. Groundwater Monitoring 
Quarterly groundwater monitoring in Perenjori has been undertaken by DAFWA since June 
2000 to measure: standing water levels, groundwater temperature, EC and pH.  
4.1 Groundwater Levels 
The water levels have been plotted and are shown in Attachment E1 to this report. All bores 
show a declining trend in water levels since monitoring commenced. Four observation bores 
have been dry since August 2008 and the community bore: 00PJ09D has been at the bottom 
of the gauge since 2003. The decline in water levels from 2000 to 2008 is shown in Table E5. 
The average water level decline in Perenjori townsite is 0.23 metres per year due to reduced 
rainfall, which has decreased by 25 per cent since 2000. 
4.2 Effects of rainfall on groundwater levels 
The long term average annual rainfall for Perenjori (1918 to 2008) is 326 mm/year. However, 
rainfall in the region has decreased since 2000 with the average rainfall between 2000 and 
2008 at 246 mm/year, a decrease of 24.5 per cent from the long term average. Rainfall 
distribution throughout the year has also changed. Before 2000, 75 per cent of rainfall fell 
from April to September inclusive. Between 2000 and 2008 only 60 per cent of rainfall fell 
from April to September inclusive. Average monthly rainfall figures are shown below in 
Figure E8. 
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Figure E8 Perenjori average monthly rainfall 
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Table E5 Perenjori Townsite SWL and EC changes 2000 to 2008 
Bore name Depth drilled Screen to 
SWL (*mbgl) 
31/08/2000 
SWL (mbgl) 
12/08/2008 
WL decline 
EC (mS/m) 
31/08/2000 
EC (mS/m) 
12/08/2008 
EC decline 
00PJ01D 29.5 -29.43 -1.51 -3.11 1.60 2250 2840 -590 
00PJ01OB  -5.87 -1.5 -3.19 1.69 953 2260 -1307 
00PJ02D 17 -16.59 -3.62 -4.94 1.32 1870 1636 234 
00PJ02OB  -5.69 -3.72 -4.98 1.26 3610 2390 1220 
00PJ03D 23 -22.64 -2.18 -4.08 1.90 2160 2560 -400 
00PJ03OB  -4.93 -2.25 -4.09 1.84 2720 3500 -780 
00PJ04D 32 -31.25 -1.36 -3.71 2.35 1204 2150 -946 
00PJ04OB  -4.63 -1.65 -3.75 2.10 682 2510 -1828 
00PJ05D 34.5 -33.86 -2 -4.14 2.14 2490 2650 -160 
00PJ05OB  -4.17 -2.12 Dry at -4.17 > 2.05 2900 - - 
00PJ06D 30 -29.75 -1.84 -3.65 1.81 3320 3640 -320 
00PJ06OB  -4.01 -1.78 -3.59 1.81 3450 4320 -870 
00PJ07D 34 -33.63 -2.04 -4.1 2.06 4248 4870 -622 
00PJ07OB  -3.58 -1.94 Dry at -3.58 > 1.64 1310 - - 
00PJ08D 32.5 -32.26 -1.69 -3.83 2.14 2280 2480 -200 
00PJ08OB  -3.97 -1.77 Dry at -3.97 > 2.02 2110 - - 
00PJ09D 34 -33.9 -2.27 ? > 0.68 3840 - - 
00PJ09OB  -4.18 -2.3 Dry at -4.18 > 1.88 1420 - - 
00PJ11D 32 -31.54 -1.73 -3.64 1.91 1940 1785 155 
00PJ11OB  -4.07 -1.75 -3.58 1.83 1900 1295 605 
00PJ12D 28 -27.24 -1.78 -3.79 2.01 1530 1646 -116 
00PJP1 32 -29.77 -2.02 -3.81 1.79 2340 1924 416 
*mbgl = metres below groundlevel 
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4.3 Groundwater Quality 
Groundwater EC’s ranged between 682 and 4248 mS/m in August 2000. In August 2008 the 
ECs ranged from 1636 to 4870 mS/m. Five monitoring bores, approximately 30 per cent of 
the total, showed a decrease in groundwater salinity. Four bores were dry in 2008 and one 
bore had equipment in the bore so no water samples were taken from them. 
5. Conclusions 
Groundwater monitoring undertaken since 2000 along with the test pumping program 
conducted in 2000 showed that groundwater pumping to lower watertables in Perenjori was 
not a viable option. The aquifer transmissivity was low and groundwater pumping would 
cause only localised lowering of the watertable around the production bore(s). The main 
reason for the low yields in bores in Perenjori townsite is the thin layer of grits above the 
unweathered basement. 
Groundwater levels have declined below Perenjori Townsite at an average rate of 0.23 
metres per year since 2000. The average depth to groundwater in Perenjori townsite 
monitoring bores in February 2009 was 3.90 metres below groundlevel compared to around 
2.0 metres below groundlevel in 2000. 
Since 2000, recorded rainfall has shown a decline of approximately 25 per cent from the long 
term annual average. The decline in rainfall means there has been less available water to 
recharge the groundwater aquifers and the groundwater balance has shifted from greater 
recharge to discharge volumes (increasing water level trend) to one of greater discharge to 
recharge volumes (declining water level trend). 
Reduced rainfall in Perenjori is the main driver of groundwater levels. If the rainfall patterns 
remain the same then the groundwater levels are expected to decline further. If the rainfall 
increases then water levels could be expected to start rising again. 
6. Recommendations 
Due to the declining water levels in Perenjori townsite and similar groundwater trends in all 
monitoring bores it is recommended that the frequency of monitoring and the number of 
bores monitored is reduced. Monitoring needs to be continued to keep a ‘watching brief’ on 
water levels in the future. 
7. References 
Australian Bureau of Statistics 2009a. 2006 Census QuickStats: Perenjori (S) (Local 
Government Area) [Data file]. Available from the Australian Bureau of Statistics site, 
http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ProductSelect?newproductty
pe=QuickStats&btnSelectProduct=View+QuickStats+%3E&collection=Census&period=
2006&areacode=LGA57000&geography=&method=&productlabel=&producttype=&topi
c=&navmapdisplayed=true&javascript=true&breadcrumb=LP&topholder=0&leftholder=
0&currentaction=201&action=401&textversion=false 
Australian Bureau of Statistics 2009b. 2006 Census QuickStats: Perenjori (L) (Urban 
Centre/Locality) [Data file]. Available from the Australian Bureau of Statistics site, 
http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ProductSelect?newproductty
pe=QuickStats&btnSelectProduct=View+QuickStats+%3E&collection=Census&period=
2006&areacode=UCL522800&geography=&method=&productlabel=&producttype=&to
APPENDIX E: Ground Water Report 
 
E19 
pic=&navmapdisplayed=true&javascript=true&breadcrumb=LP&topholder=0&leftholder
=0&currentaction=201&action=401&textversion=false 
Bureau of Meteorology 2009. Perenjori Monthly Rainfall Data [data file] available from the 
Bureau of Meteorology site, 
http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=139&p_display_t
ype=dataFile&p_startYear=&p_stn_num=008107 
Baxter JL & Lipple SL 1985. Perenjori, Western Australia, Sheet SH 50-06, 1:250 000 
Geological Series – Explanatory Notes. Geological Survey of Western Australia. 
Department of Water 2007. Arrowsmith Water Reserve Drinking Water Source Protection 
Plan: Morawa, Arrino, Perenjori, Caron, Bunjil and Latham Town Water Supplies. 
Water Resource Protection Series Report 76. 
Available for download from Department of Water site, 
http://www.water.wa.gov.au/firstdowPublic/DocViewer?id=37564 
Speed R 2001. Groundwater study of the Perenjori townsite, Department of Agriculture and 
Food Western Australia, Resource Management Technical Report 217. Available from 
the Department of Agriculture and Food site, 
http://www.agric.wa.gov.au/PC_92408.html 
Wilkes P 2008. Geophysical Studies at Perenjori. Exploration Geophysics, Curtin University 
of Technology and Cooperative Research Centre for Landscape Environments and 
Mineral Exploration (CRC LEME). 
Water Management Plan for the Town of Perenjori: A Preliminary Community Profile 
 
E20 
 
APPENDIX E: Ground Water Report 
 
E21 
Attachment E1 – Perenjori hydrographs, 2000–2009 
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1. Introduction 
Evaluation of the salinity risk towards the infrastructure damage was based on the long-term 
average groundwater level for the shallow observation bores. The level of risk was estimated 
in accordance with soil saturation level at the 1m depth below the groundlevel. The extent of 
the salinity risk map is confined by the extent of the observation bores in the Perenjori 
townsite. Hence the salinity risk maps only cover a portion of each town. 
2. Infrastructure damage costs 
Infrastructure damage costs are calculated based on the simultaneous analysis of the salinity 
risk and infrastructure type within each land parcel where landuse, surface type, area and 
structures have been identified. The average salinity risk of each land parcel is calculated, 
and using an algorithm adapted from the USEAP (Urban Salinity Economic Analysis 
Package) model, damage can be calculated (Table F1). 
USEAP divides the town infrastructure into 5 key groups: residential housing, 
commercial/offices, public open space, ovals/playing fields and roads. Roads are classified 
as either sealed or gravel. Each category has an assigned annual damage cost, derived from 
the USEAP value assuming a 100 per cent impact. This damage is then moderated based 
upon estimated degree of soil saturation; so that damage is less as soil saturation 
decreases. 
Table F1 USEAP calculated damage costs 
Name Quantity Cost $ 
Residential Building per/household 463 
Commercial Building per/1000 sqm 663 
Oval per/hectare 1900 
Open Space per/hectare 685 
Sealed Road per/1000 m 400 
Unsealed Road per/1000 m 200 
Damage costs are indicative only and apply to only that part of the gazetted townsite that 
was considered. The water level is assumed to be at equilibrium currently. If the intention is 
to identify the impact of changes in management, then an assessment of only those areas 
which may feasibly be impacted by that management need to be considered. It is important 
to note that these are the estimates of current damage within the area, and as such are the 
MAXIMUM cost reduction that could be achieved if management options were introduced 
that completely ameliorated the problem.  
It is almost certainly the case that such total amelioration options will not be economic to 
achieve, and such options are not considered in the water management plans. However, 
these values give an indication of the overall size of the infrastructure damage problem within 
towns. 
3. Salinity risk to Perenjori 
Figure F1 shows the time average groundwater observation data for Perenjori for 2000 to 
2004. The Figure shows that the watertable is between 2.5 to 3 m below groundlevel over 
the majority of the town’s infrastructure (Figure F2) Furthermore during the years 2004 to  
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2007 groundwater levels have continued to fall at a rate of about 0.3 m/yr in response to 
lower rainfall conditions (Figure F3). Figure F4 shows the cumulative rainfall trend for 
Perenjori from 1990 to 2007 indicating a break in slope following a peak in 1999. It is 
believed that this subtle change in the cumulative rainfall pattern post 1999 for Perenjori 
accounts for the decline in groundwater level shown in Figure F3.  
These factors combine to reach the conclusion that the salinity risk in Perenjori is low to very 
low under the present climate regime. Using these two baseline parameters, monitoring of 
cumulative rainfall and groundwater level across the townsite will provide an early indication 
of whether the salinity risk due to high groundwater levels will change in future years. This 
will indicate whether groundwater management strategies will be needed. 
 
Figure F1 Time-averaged depth to groundwater in Perenjori – 2000–2004 
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Figure F2 Perenjori town planning scheme 
 
Figure F3 Groundwater levels in Perenjori 2000–2008 
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Figure F4 Cumulative rainfall against time for Perenjori 
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Summary 
The township of Perenjori has a low risk of infrastructure damage due to the combination of 
watertable elevation and groundwater salinity (Appendix F, this report). Spatial and temporal 
monitoring and interpretation of deep, intermediate and shallow water quality parameters in a 
network of observation bores within each townsite in the RT-LA program has been 
undertaken at Perenjori. Temporal monitoring was undertaken approximately quarterly from 
2000 to 2008 in order to identify trends in key water quality parameters and to assess 
whether the salinity trends in groundwater are increasing, declining, or remaining constant. 
Based on the observations it can be concluded that groundwater salinity trends are steady, 
particularly the deep groundwater system. 
The average groundwater salinity in Perenjori is the sixth highest of the fifteen rural towns in 
the RT-LA project, i.e. in the mid-range of groundwater salinities in other rural towns with an 
average of about 15 200 mg/L TDS (standard deviation of 6 600 mg/L (n = 12), EC average 
2 500 mS/m, SD: 960, n = 12). This slightly less than half (0.4) the salinity of seawater. 
Groundwater quality beneath the townsite is spatially variability both laterally and vertically, 
with some outlier groundwater salinities in shallow observation bores ranging between 8 000 
and 31 000 mg/L TDS. On average deep groundwater is comparable in EC to shallow 
groundwater with the highest salinities observed in deeper groundwater. The ranges of 
groundwater EC in both shallow and deep groundwater cluster between ECs of 1 000 and 
3 000 mS/m. The range in shallow groundwater salinity is wider (800–3 000 mS/m) than 
deep groundwater 600–4 800 mS/m). Salinity in deep groundwaters tends to be higher in the 
south-east areas of the townsite and lower in the northwest. The topographic gradient in 
Perenjori is NW to SE and this indicates that the groundwater recharge-discharge cycle in 
the Perenjori townsite is topographically controlled. 
The temporal variation in pH which has shown a systematic decline in pH from the 6.5 to 7.5 
range to the 5.5 to 6.5 range over the observation period in almost all bores. The reasons for 
this are not clear and such trends are unusual in the Rural Towns project. A possible 
explanation is the steady trend in watertable decline that has been observed in Perenjori 
over the study period. A declining watertable will introduce greater oxygen availability into the 
unsaturated zone which could result in greater Fe2+ oxidation and hydrolysis, a typical cause 
of acidification, especially in low alkalinity environments such as Perenjori. 
Contamination by organic compounds was detected in only one observation bore and 
pathogen counts were absent and thus not a constraint to non-potable groundwater use. The 
general status of groundwater was found to be acceptable for groundwater recovery and 
treatment (e.g. desalination) for non-potable use despite the minor occurrence of organic 
compound contamination detected. 
Spatial characterisation of major and trace ion compositions, organics and microbiological 
status was carried out to assess the suitability of saline groundwater for water treatment by 
reverse osmosis as a substitute non-potable water supply. Several trace elements (Fe, Mn 
and silica) previously identified as potentially problematic for RO treatment were at levels that 
would not inhibit RO processing of saline groundwater in Perenjori. Thus, in the absence of 
technical constraints to RO desalination at Perenjori, sourcing capital investment and 
identifying end-user demand (e.g. turf farm irrigation) for desalinated water are the next steps 
in bringing desalinisation to realisation.  
Groundwater pumping is not indicated as the primary hydrological option for managing 
watertables in Perenjori. Long term groundwater water quality testing demonstrated stable 
water quality parameters required for optimal RO desalination. Salt harvesting from saline 
groundwater was investigated and was not considered viable. 
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1. Introduction 
Ground and surface water quality, including parameters such as gross salinity level 
(electrical conductivity), major ion composition, trace element composition, organic 
compound composition and total organic carbon, and pathogen (bacterial) status are key 
determinants for assessment and decision making in several aspects of water resources 
management of the RT-LA project. Determination of water quality parameters is necessary 
as a basis for feasibility assessment of options for townsite water management. These 
include water treatment options (e.g. reverse osmosis desalination, nanofiltration, 
evaporative desalination), the suitability of treated water as either potable water supply or as 
potable substitute water, assessment of bulk mineral harvesting potential from saline water, 
water disposal options, long term implications of de-watering or drainage to control 
waterlogging and townsite salinisation, water quality assessment for new industries and 
downstream water users such as livestock, intensive horticulture, aquaculture and townsite 
irrigation. In addition to these water management issues, groundwater quality and its spatial 
and temporal distribution and variation provides key information on groundwater surface 
water interaction and interconnection within groundwater systems when integrated with 
hydrogeology, groundwater modelling, geophysics and surface hydrology. For example, 
when integrated with groundwater modelling of townsite dewatering scenarios, knowledge of 
the spatial distribution of groundwater salinity enables long-term predictions of the volume 
and salinity of recovered groundwater. Such information is critical to the development of long 
term water treatment and water re-use scenarios and the identification of downstream uses 
of the recovered groundwater. 
2. Approach and Methodology 
For rural town groundwater quality, the methodologies developed and employed have 
included:  
2.1 Spatial and temporal monitoring 
Testing and interpretation and of samples was completed for deep, intermediate and shallow 
water quality parameters from a network of observation bores within the townsite. At 
Perenjori, temporal monitoring was undertaken approximately quarterly from August 2000 to 
August 2008 allowing temporal trends in key water quality parameters to be determined and 
assessment of whether the salinity trends in groundwater are increasing, declining, or 
remaining constant. Indicators of the extent of groundwater mixing, surface 
water-groundwater interaction and recharge to groundwater within the townsite were 
developed from analysis of the spatial and temporal data.  
2.2 Integration with other data 
Integration of the spatial distribution of groundwater quality with subsurface basement 
topography determined by seismic geophysics. Such integration enables more robust and 
reliable long-term predictions of groundwater recovery volumes and salinity. Development of 
the necessary data integration and software processing capacity to merge subsurface 
geophysical interpretation with spatial groundwater quality has been an important 
methodological development.  
2.3 Data characterisation 
Spatial characterisation of major and trace ion compositions, organics and microbiological 
status was carried out to assess the potable or substitute potable suitability of groundwater, 
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predict the long term characteristics of recovered groundwater and define the parameters of 
its desalination by RO and related technologies, estimate the recovery potential of bulk 
mineral salts from recovered groundwater, 
2.4 Salt balance 
Establishment of salt and water mass balances of groundwater will provide base data for: 
a) economic analysis of groundwater pumping and water treatment as a potential source of 
new, useable water resources as a by-product of shallow watertable waterlogging alleviation; 
and b) facilitate comparison between recovered groundwater volumes, water quality, 
recovery and treatment cost in comparison to available or harvestable surface water volumes 
and quality. 
For surface water, very little or no prior information was available and due to low flow 
conditions since 2004–05, new data could not be collected. 
2.5 Surface-groundwater interaction 
Expected outcomes from these methodologies were the interpretation of groundwater-
surface water interaction, especially evidence for whether groundwater recharge occurs 
within the townsite and, on this basis, determining whether management of townsite surface 
water will be effective in alleviating waterlogging and salinisation due to shallow watertables. 
Conversely, it is important to determine whether townsite groundwater management 
(pumping, drainage) will be effective in long term alleviation of waterlogging, or whether 
seasonal surface water recharge will rapidly overturn any benefits achieved by groundwater 
management.  
Overall, the methodologies provide information that forms the basis for hydrologically and 
socio-economically sound decision making in relation to the alleviation of salinisation and 
waterlogging in rural towns. 
3. Data collected and results 
Groundwater quality data from Perenjori was collected for multiple purposes including: 
3.1 Spatial and temporal 
Spatial and temporal monitoring and hydrological interpretation of deep, intermediate and 
shallow water quality parameters in a network of observation bores. Interpretation of this data 
in the context of hydrological processes (e.g. recharge, groundwater sources) in the context 
of developing townsite water management plans is at the forefront of the purpose for this 
data. 
3.2 Potability 
Determination of the potable or the potential for substitution of potable water by treated 
groundwater by characterisation of major and trace ion compositions, organics and 
microbiological status. 
3.3 Desalination potential 
Determination of desalination potential, in particular desalination by RO technology for water 
treatment, downstream water uses and bulk mineral recovery. 
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3.4 General 
In the context of the overall Water Management Plan for Perenjori, where it is concluded that 
groundwater recovery and treatment or disposal is not a viable or necessary groundwater 
management option, the emphasis in this report and the importance of the application of 
water quality interpretations will be on points (i-ii) above. Nevertheless, reporting of the 
details of the extensive groundwater quality data sets collected, collated, and analysed is 
provided in this report. 
4. Spatial distribution and temporal variations in salinity 
4.1 Groundwater salinity ranges and trends 
Figures G1 and G2 show the spatial distribution of EC in deep groundwater overlain on 
cadastral and topographic information for Perenjori. The average groundwater salinity in 
Perenjori is the sixth highest of the sixteen rural towns in the RT-LA project, i.e. in the 
mid-range of groundwater salinities in other rural towns with an average of about 
15 200 mg/L TDS (standard deviation of 6 600 mg/l (n = 12), EC average 2 500 mS/m, 
SD: 960, n = 12) using data in Table 1. This is slightly less than half (0.4) of the salinity of 
seawater. Groundwater quality beneath the townsite is spatially variable both laterally and 
vertically, with some outlier groundwater salinities in shallow observation bores ranging 
between 8 000 and 31 000 mg/L TDS. On average deep groundwater is comparable in EC to 
shallow groundwater with the highest salinities observed in deeper groundwater. The ranges 
of groundwater EC in both shallow and deep groundwater cluster between EC’s of 1 000 and 
3 000 mS/m. The range in shallow groundwater salinity is wider (800–3 000 mS/m) than 
deep groundwater 600–4 800 mS/m).  
Salinity in deep groundwaters tends to be higher in the south-east areas of the townsite and 
lower in the northwest. The topographic gradient in Perenjori is NW to SE and this indicates 
that the groundwater recharge-discharge cycle in the Perenjori townsite is topographically 
controlled. The spatial trend of lower and higher EC follows the topographic slope trend, with 
the few higher, deep groundwater salinities (e.g. 00PJ09D, 00PJ07D) lower in the landscape 
to the south-east of the townsite. Salinity in both shallow and deep groundwaters tends to be 
higher in the south-east area of the townsite. This indicates that the Perenjori townsite is a 
classic hillslope recharge-discharge zone system. There is no significant stratification 
between deep and shallow groundwater salinity indicating that groundwater does not 
discharge (via evapotranspiration) within the townsite, although the more saline 
groundwaters are from the deep observation bores. The spatial variability in groundwater 
salinity across Perenjori townsite can be attributed to several factors: Salinity in shallow 
groundwaters is generally lower than in deep groundwaters and appears to be influenced by: 
4.2 Landscape factors 
The proximity of the townsite to a salt lake system 2–3 km to the east and south east is likely 
to account overall for the generally high groundwater salinities in Perenjori, i.e. due to long 
term groundwater discharge and salt concentration via the salt lake system regionally within 
the town site’s proximity. There is however an increasing trend in groundwater salinity in 
deep groundwater in the townsite in the direction of the salt lake system (Figure G2). 
4.3 Groundwater quality dynamics 
The groundwater travel time is slow relative to the time over which watertables have risen 
since European settlement and land clearing occurred in the last 100 years. Considering the 
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widely accepted concept of unsaturated zone salt storage (i.e. the so-called bulge profiles) in 
pre-cleared catchments (Johnston et al. 1987) is likely to have been the situation in the 
Perenjori townsite catchment area prior to clearing, then post-clearing watertables are 
expected to have risen rapidly through the stored salt profiles in the catchment, while lateral 
saturated groundwater flow has had little effect in flushing the watertable-intercepted salt 
storage laterally out of the catchment. The proximity of the salt lake system to the east and 
south-east of the townsite (2 to 3 km) is a key indicator explaining why Perenjori groundwater 
salinity is comparatively high, given that such features in the landscape are generally 
groundwater discharge features and result in salt accumulation over millennia which in turn 
determines the local to regional scale regional groundwater salinity. When the annual cycle 
of rainfall-infiltration recharge in post-clearing years is superimposed on this scenario, we 
visualise the situation where the salt storage in the (present-day) deeper groundwater is the 
largely un-transported former unsaturated zone salt storage and present-day shallow 
groundwater is locally diluted by rainfall-infiltration. The spatially variable salt distribution in 
groundwater observed today then still reflects the spatially variable (vertically and laterally) 
distribution of former unsaturated zone salt storage. The initial unsaturated zone salt 
distribution field will have been altered by groundwater rise and lateral advection, but at a 
rate that has not smoothed out the distribution patterns by groundwater flow and mixing. It is 
also noteworthy that the during the comparatively short observation period 2000–2008, 
generally salinity and water quality trends in time have not changed significantly at any one 
sampling point in the groundwater flow domain. 
Figure G3 shows temporal trends in groundwater EC during the period 2000 to 2008 for deep 
and shallow groundwater. A broad range of salinity conditions is indicated from about 200 to 
5 500 mS/m in shallow groundwater while deep groundwater indicates a narrower and lower 
range in EC around 3 500 to 4 500 mS/m. The majority of both deep and shallow 
groundwater salinities are in the range 1 000 to 3 000 mS/m. 
The figures show that groundwater salinities have generally remained steady over time 
showing no trend toward increasing. Some seasonal fluctuations are seen however 
especially in response to winter rainfall in 2001. This corresponds to a seasonal rise w=in 
watertable elevation in 2001.  
Figures G4 and G5 show the spatial distribution pattern in groundwater pH indicating the 
fairly tight bandwidth for the majority of pH conditions in the range 5.5 to 7. Shallow 
groundwaters to the east of the townsite form a localised area of neutral pH, with occasional 
pH values as low as about 5.5 (e.g. 00PJ11ob). Shallow groundwater pH also tends to 
cluster in the pH range 5.5 to 7.0. Although spatially variable, groundwater pH at a given 
monitoring location has generally followed a steady trend in the range 5.5 to 7 over time. 
Figure G6 shows the temporal variation in pH which has shown a systematic decline in pH 
from the 6.5 to 7.5 range to the 5.5 to 6.5 range over the observation period in almost all 
bores. The reasons for this are not clear and such trends are unusual in the Rural Towns 
project. A possible explanation is the steady trend in watertable decline that has been 
observed in Perenjori over the study period. A declining watertable will introduce greater 
oxygen availability into the unsaturated zone which could result in greater Fe2+ oxidation and 
hydrolysis, a typical cause of acidification, especially in low alkalinity environments such as 
Perenjori (Table 4). 
In terms of accounting for the overall occurrence of the range of pH in groundwaters from 
Perenjori, it is necessary to identify the processes and mechanisms that give rise to such 
acidic waters. At the regional scale (WA goldfields) these processes have been identified by 
McArthur et al. (1991). 
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5. Factors affect groundwater quality 
In summary, the key factors in determining groundwater quality are: 
5.1 Weathering 
The natural weathering process of the crystalline basement granitic basement is driven 
primarily by the classical soil CO2—carbonic acid chemical weathering. Importantly, this is a 
net alkalinity-producing process, with the soil CO2 ultimately converted to alkalinity as 
bicarbonate commonly in evidence as circumneutral pH waters.  
5.2 Oxidation – Reduction 
The Fe2+ (the reduced form of iron) that is released from weathering of ferromagnesian 
minerals (e.g. biotite, a component mineral of granite) remains in the subsurface where 
oxygen concentrations are low. Low oxygen conditions prevail as a result of isolation from 
the atmosphere or as a result of bacterial oxidation of organic matter or DOC (dissolved 
organic carbon), when and where it is present in the landscape. (Indeed, oxidation of DOC 
results in generation of dissolved inorganic carbon (DIC) which contributes to the overall 
carbonate alkalinity.) 
As the reduced Fe2+ is transported (usually via groundwater flow) to more oxygen-rich 
environments closer to the ground surface the Fe2+ is oxidised to Fe3+ via the process of 
iron oxidation. The hydrolysis of Fe3+ to form insoluble iron-oxyhydroxides is the primary 
acid-generating process. In the presence of poor geochemical buffering by bicarbonate 
alkalinity (or where the buffering capacity is overwhelmed by the mass action of acid 
generation) this process has been shown to be capable of producing the commonly observed 
pH conditions of around 3.0 in naturally occurring environmental waters.  
5.3 Lithology 
The long term (millennial) expressions of these acidification processes in the wheatbelt 
landscape are the formation of silcrete and ferricrete horizons (from high levels of formerly 
soluble silica, aluminium, especially at the former or current natural groundwater discharge 
features (salt lakes) or palaeo-watertable elevations. The lithological expression of alkalinity 
generated from the weathering process is in the form of either calcrete horizons and or soil-
carbonate nodulation. The role of evapotranspiration is essential in bringing about these 
lithological expressions in the landscape. The lithological expression of these process and 
the lithologies themselves can be seen as proxies for the original alkalinity (calcrete, soil 
carbonate nodulation) and acidity (iron-oxyhydroxides, silcrete, ferricrete, iron-oxyhydroxide-
coatings on minerals such as quartz sands and in the more extreme low pH conditions 
minerals such as alunite and jarosite). The low pH condition and elevated Al and SiO2 (as 
proxies for hydrogen ion) observed in acid waters represent the primary hydrogen ion source 
respectively that have not been transformed into a secondary lithological expression in the 
landscape. 
5.4 Acidity – Alkalinity 
Having recognised the predominant weathering and hydrogeochemical processes in the 
landscape, the next key point to recognise is that the naturally occurring/generated alkalinity 
and the pre-cursor to acid generation (Fe2+) can diverge from their point of origin at the 
weathering front. The alkalinity finds expression at the weathering front (i.e. in situ) whereas 
the acid generating precursor (Fe2+) can be (and probably is) advected by groundwater flow 
to a different part of the landscape. Iron-oxidation and hydrolysis (ferrolysis) thus generates 
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the acidity in such a way that it spatially separated from available bicarbonate alkalinity that 
would otherwise neutralise the generated acidity. The landscape topography and the natural 
surface water and groundwater drainage patterns that it imposes, can and evidently does, 
lead to divergence in the hydrogeochemical distribution of expressions of alkalinity and acidic 
conditions. Identification of this is important because it leads to a partial explanation for the 
spatially distributed nature of groundwater acidity in Wagin.  
The scale at which the hydrological divergence occurs is critical in this respect. The lateral 
scales of relevance are of the order of the drainage patterns at the catchment or 
sub-catchment scales. The vertical scales of relevance are of the order of several tens of 
meters, recognising that the reported observations are that pH of groundwater generally 
increases with increasing depth, a point that is broadly in accordance with the alkalinity 
generating processes arising from the weathering of crystalline basement rocks.  
5.5 Hydrogeochemistry summary 
The hydrogeochemistry of groundwaters is determined by these interactions which provide 
an explanation of the processes giving rise to low pH groundwater and an explanation of why 
pH can be spatially variable across such short distance scales as in Perenjori. The cause of 
spatial variability in groundwater pH runs parallel to explanation for the spatially variable salt 
distribution in groundwater observed today as described above. Thus low pH groundwaters 
at Perenjori are considered to be a natural occurrence and not indicative of anthropogenic 
sources. Such low pH waters are encountered commonly in other wheatbelt towns. 
6. Trace elements 
Groundwaters for trace element analysis were filtered through 0.45µ membranes and 
acidified for storage prior to analysis. Table 1 shows trace element concentrations in 
groundwater for Perenjori. Perenjori groundwaters do not present any unusually high trace 
element concentrations. Of particular relevance to the possibility of treatment of 
groundwaters by reverse osmosis (RO) at Perenjori are the concentrations of dissolved 
oxygen, Al, alkalinity, Fe, Mn and silica. These parameters are extracted from Table 1 and 
summarised as averages in Table 4. For comparison, the same averaged parameters from 
six production bores in the Merredin RO groundwater processing project (Turner et al. 
(2008)) are presented. At Merredin, Fe, Mn and silica were all identified as potentially 
problematical to RO processing of groundwater. Accordingly, an iron removal unit and 
potassium permanganate dosing unit were implemented there to pre-treat groundwater to 
eliminate potential RO membrane fouling problems. These measures were successful. 
Table 4 shows generally lower trace element status of Perenjori groundwaters in terms of 
overall salinity and Fe and Mn. The Fe and Mn levels are lower because of generally higher 
pH conditions at Perenjori than Merredin. It is notable that even though pH levels are 
declining in groundwaters, Fe levels remain low at about 2 mg/L a point that should be noted 
in the event of RO treatment being considered at Perenjori. Generally, groundwater quality 
conditions for successful RO treatment are better than at Merredin where a successful 
groundwater RO desalination treatment project was completed (Turner et al. 2008). RO 
desalination of saline groundwater at Perenjori would be considered a viable option even 
though groundwater recovery is not proposed at Perenjori for management of watertables 
beneath the townsite. 
7. Organics and Pathogens 
Table 2 shows a suite of trace organic compounds measured to determine whether Perenjori 
groundwater demonstrated any significant organic contamination from urban sources. The 
reconnaissance analysis yielded evidence of organic compound contamination in only one 
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location (PJ11OB) comprising low level contamination with compounds consistent with 
petroleum contamination. Table 3 shows pathogen counts indicating effectively zero counts 
in all but one of the samples taken. 
8. Groundwater use options 
8.1 RO processing of saline groundwater 
A description of the overall concept and motivation for pumping saline groundwater and 
treating it by reverse osmosis to provide fresh water for end users is given in Turner et al. 
2008 with a successful demonstration of groundwater desalination and use in a WA rural 
town, Merredin. As described above the expected absence of technical constraints to RO 
desalination at Perenjori, sourcing capital investment and identifying end-user demand 
(e.g. salt tolerant turf farm irrigation, abattoir wash-down water) as fit-for-purpose uses of 
desalinated water are the next steps in bringing desalinisation to realisation. 
8.2 Salt production potential of saline groundwater 
Salt harvesting from groundwater at Perenjori was investigated as a possible use for 
groundwater. Even though Perenjori has a relatively high salinity groundwater, it was 
concluded from related work described in RT-LA Water Management Plans in this series and 
work conducted in parallel on analysis of salt recovery, that groundwater recovery and salt 
production was not a viable water management option for Perenjori. This is based on 
consideration of production, maintenance, operational and transport costs of salt production 
that makes this proposition economically unviable.  
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Table G1 Major and trace elements in Perenjori groundwater* 
Bore Description PJ03D PJ03OB PJ02D PJ06D PJ04D PJ04OB PJ12D PJ11D PJ11OB PJ05D PJ08D PJ07D
CCWA ID 06E0922/001 06E0922/002 06E0922/003 06E0922/004 06E0922/005 06E0922/006 06E0922/007 06E0922/008 06E0922/009 06E0922/010 06E0922/011 06E0922/012
Client ID Method Units/Conc. 146 147 148 149 150 151 152 153 154 155 156 157
Dissolved Oxygen WTW % 17.0 4.0 8.0 23.0 27.0 22.0 28.0 3.0 2.0 17.0 22.0 28.0
Elect. Cond. WTW mS/cm 24.00 24.90 14.39 36.30 19.30 16.29 15.29 17.87 12.65 23.60 22.10 43.20
pH WTW 5.89 5.58 6.22 5.75 6.31 6.08 6.04 5.41 5.14 5.93 6.32 5.65
Temperature WTW C
o
25.4 25.2 26.1 25.0 25.5 25.8 25.6 25.6 25.8 24.9 24.7 24.6
Ag iMET1WCICP mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Al iMET1WCICP mg/L 0.062 0.13 <0.005 <0.005 <0.005 <0.005 <0.005 0.008 0.059 0.009 <0.005 <0.005
Alkalin iALK1WATI mg/L 120 130 110 120 95 105 65 80 60 90 120 45
As iAS1WCVG mg/L <0.001 0.013 <0.001 0.014 0.006 <0.001 0.006 0.009 0.008 0.011 0.005 0.014
Ba iMET1WCICP mg/L 0.035 0.026 0.016 0.089 0.022 0.038 0.038 0.044 0.037 0.022 0.033 0.042
Be iMET1WCICP mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CO3 iALK1WATI mg/L <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Ca iMET1WCICP mg/L 46.7 24.9 32.8 292 68.1 52.7 42.9 31.1 17.2 58 80.7 157
Cd iMET1WCICP mg/L <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Cl iCL1WAAA mg/L 8530 8760 5260 13200 6700 5710 5030 6110 3960 7780 7880 16100
Cr iMET1WCICP mg/L <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.003 <0.002 <0.002 <0.002
Cu iMET1WCICP mg/L 0.017 0.009 0.077 0.13 0.007 0.017 0.035 0.078 0.022 0.085 0.051 0.3
ECond iEC1WZSE mS/m 2600 2770 1640 4040 2150 1800 1690 1970 1430 2610 2440 4770
F iF1WASE mg/L 0.2 <0.1 0.6 <0.1 0.4 0.3 0.3 <0.1 0.1 0.3 0.2 <0.1
Fe iMET1WCICP mg/L 0.087 2 0.022 0.01 <0.005 0.033 <0.005 0.036 17 0.31 <0.005 <0.005
HCO3 iALK1WATI mg/L 146 159 134 146 116 128 79 98 73 110 146 55
Hg iHG1WCVG mg/L <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
K iMET1WCICP mg/L 201 223 119 282 126 120 108 158 111 177 148 283
Mg iMET1WCICP mg/L 531 605 239 1140 405 297 277 367 202 514 513 1230
Mn iMET1WCICP mg/L 0.11 0.051 0.13 0.88 0.15 0.031 0.07 0.076 0.063 0.057 0.027 1.2
N_NO2 iNTRN1WFIA mg/L <0.02 <0.02 0.02 <0.02 <0.02 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
N_NO3 iNTAN1WFIA mg/L 0.13 <0.01 0.58 0.4 0.74 1.3 0.52 1.8 0.01 0.79 0.35 0.01
Na iMET1WCICP mg/L 5250 5730 3210 7890 4160 3520 3240 3720 2970 5060 4900 10400
Ni iMET1WCICP mg/L 0.02 <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 <0.01 0.02
P_SR iP1WTFIA mg/L 0.01 0.01 0.17 0.05 0.08 0.02 0.02 0.01 0.01 0.07 0.06 <0.01
P_total iPP1WTFIA mg/L <0.01 0.02 0.31 0.03 0.11 0.19 0.08 0.03 0.02 0.07 0.08 0.01
Pb iMET1WCMS mg/L <0.001 <0.001 <0.0005 <0.001 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.001 <0.0005 <0.001
S iMET1WCICP mg/L 510 620 260 790 400 330 300 480 340 450 460 960
SO4 iANIO1WAIC mg/L 1650 1720 757 2290 1160 1020 887 1440 1070 1330 1500 3050
Sb iMET1WCICP mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Se iMET1WCICP mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
SiO2 iSI1WZAA mg/L 81 91 85 76 76 88 83 87 110 89 79 50
Solid_su iSOL1WPGR mg/L 35 55 770 73 43 250 21 28 200 41 39 81
Sr iMET1WCICP mg/L 2 2 0.98 6.1 1.6 1.3 1.1 1.4 0.83 2 2 4
TDS sum ixTDS_sum3 mg/L 16000 17000 9700 25000 13000 11000 9600 12000 8300 15000 15000 31000
TDS_180C iSOL1WDGR mg/L 18000 18000 10000 28000 14000 10000 10000 12000 8200 16000 15000 33000
TOC eCTO1WTCO mg/L 10 30 3 20 2 5 1 20 30 3 2 4
Zn iMET1WCICP mg/L 0.34 0.028 0.053 0.16 0.023 0.03 0.16 0.046 0.035 0.031 0.11 0.21
pH iPH1WASE 6 5.8 6.2 5.9 6.3 6.2 6.2 5.7 5.4 6 6.4 5.7
aION_BAL ixIONBAL3 % 0.9 3 0 3.9 1.1 0 2.1 -2 5.4 3.9 1.9 5.1  
* Sampling Date: 12/12/2006 
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Table G2 Trace organics in Perenjori groundwater* 
Bore Description PJ03D PJ03OB PJ02D PJ06D PJ04D PJ04OB PJ12D PJ11D PJ11OB PJ05D PJ08D PJ07D
CCWA ID 06E0922/001 06E0922/002 06E0922/003 06E0922/004 06E0922/005 06E0922/006 06E0922/007 06E0922/008 06E0922/009 06E0922/010 06E0922/011 06E0922/012
Concn ug per L H2O ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L
Benzene ug per L H2O <10 <10 <10 <10 <10 <10 <10 33 114 <10 <10 <10
Toluene ug per L H2O <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
EthylBenzene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 439 12 5 4
p-Xylene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 3 <1 <1 <1
o-Xylene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 2 <1 <1 <1
1,3,5-TrimethylBenzene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 21 <1 <1 <1
1,2,4-TrimethylBenzene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 17 <1 <1 <1
1,2,3-TrimethylBenzene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Naphthalene ug per L H2O <1 <1 <1 <1 <1 <1 <1 2 31 2 <1 <1
2-Methylnaphthalene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 9 <1 <1 <1
1-Methylnaphthalene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 8 <1 <1 <1
EthylNaphthalene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
2,6/2,7-Dimethylnaphthalene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 1 <1 <1 <1
1,3/1,7-Dimethylnaphthalene ug per L H2O <1 <1 <1 <1 <1 <1 <1 <1 1 <1 <1 <1
1,6-Dimethylnaphthalene <1 <1 <1 <1 <1 <1 <1 <1 1 <1 <1 <1
2,3/1,4/1,5-Dimethylnaphthalene <1 <1 <1 <1 <1 <1 <1 <1 1 <1 <1 <1
1,2-Dimethylnaphthalene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Phenol <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 3
o-Cresol <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
m/p-Cresol <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1  
Groundwater Chemistry – Trace Organics – Sampled 12/12/2006 
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Table G3 Pathogens in Perenjori groundwater (Sample numbers correspond to those in Table 1) 
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Table G4 Averaged selected groundwater quality parameters from production bores in Merredin and 
Perenjori 
  Merredin Perenjori 
pH   6.0 5.9 
Temperature (C)  21.2 25.3 
Al mg/L 0.35 <0.05 
Alkalinity mg/L 186.7 95 
Cl mg/L 10673 7920 
EC mS/m 3078 2500 
Fe mg/L 8.0 2.4 
Mn mg/L 2.9 0.2 
SiO2 mg/L 51.8 83 
TDS mg/L 20 000 15 200 
The Merredin data are from 6 production bores sampled in 2006-7 (Turner et al. 2008) and 
the Perenjori data are from Table 1. 
 
Figure G1 Spatial distribution of groundwater salinity (EC as mS/m) in shallow groundwater in Perenjori 
townsite 
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Figure G2 Spatial distribution of groundwater salinity (EC as mS/m) in deep groundwater in the Perenjori 
townsite 
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Figure G3 Temporal variation in groundwater salinity in Perenjori townsite—deep observation bores (D) 
and shallow (ob) 
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Figure G4 Spatial distribution of pH in shallow groundwater in the Perenjori townsite 
 
Figure G5 Spatial distribution of pH in deep groundwater in the Perenjori townsite 
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Figure G6 Temporal variation in deep and shallow groundwater pH in Perenjori townsite 
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Summary 
The township of Perenjori is subject to the problems of scarce water and urban salinity. The 
purpose of this study is to complete an account of water flows, or in other words, a water 
balance, of the Perenjori township. In this instance, daily volumes of mains consumption 
(i.e. scheme water), wastewater discharge, groundwater recharge and stormwater runoff are 
considered. Stormwater flowing into the township and groundwater extractions are not 
considered. The results of the water balance will enable more informed decisions to be made 
about how to address water scarcity and urban salinity in Perenjori.  
Water balance modelling allows us to understand where water is being distributed within a 
township over time. For this study, the volume of stormwater runoff, wastewater discharge 
and mains water consumption was calculated each day using an historical climate sequence 
of 1950 to 2006. This does not mean historical flows are accurately measured from 1950 to 
2006 because the landuse and water demand information is based on recent data (from 
2003 to 2006), not historical data. The daily flows reported in this study are therefore an 
estimate of possible flows in the township based on a variety of climatic possibilities 
contained within the climatic sequence of 1950 to 2006. The results are not representative of 
historical flows.  
Calculating water flows for each day, using current landuse information and an historical 
climate sequence, provides an understanding of probable variation in water flows and the 
reliability of water supplies (both proposed and existing). It also allows us to evaluate 
potential water management options such as rainwater tanks, greywater tanks, reclaimed 
water, stormwater harvesting and aquifer storage and recovery. 
The water balance for Perenjori was calculated using end use data supplied by the Water 
Corporation of Western Australia and making a series of assumptions. The water balance 
results are shown in Table E1 below. A moderate to high degree of confidence can be placed 
in the water demand figures as they are based on Water Corporation data for 2003 to 2006. 
Wastewater figures are derived from the water demand figures using a series of 
assumptions, so they too are reasonably accurate. Conversely, the stormwater figures 
should be considered indicative only and should not be relied upon because they were 
developed using engineering judgment only and have not been calibrated to any real data. 
Rainwater tanks and greywater use are specifically investigated in this study to determine 
their effectiveness in supplying residential areas. The average house in Perenjori was 
modelled with a rainwater tank of 20 kL to supply demand for toilet flushing and garden 
irrigation. The study found that rainwater tanks would not be able to meet this demand and 
would only succeed to in reducing total scheme water consumption by an average of 
approximately 6 per cent per year (see Table H2) and stormwater runoff in the study area by 
13 per cent (see Table H2).  
Greywater use would be more effective than rainwater tanks for reducing scheme water 
consumption. If simple diversion of greywater (i.e. kitchen, bathroom and laundry water) to 
garden were undertaken for each property, scheme water consumption could be reduced by 
an average of approximately 18 per cent and wastewater discharge by approximately 22 per 
cent (Table H3). If a greywater treatment and storage system were used for toilet flushing 
and garden irrigation, scheme water consumption could be reduced by an average of 
approximately 19 per cent and wastewater discharge by approximately 26 per cent 
(Table H3). 
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Greywater use and rainwater tanks can improve the management of water in Perenjori 
however they are not the only options. Losses, presumably due to a combination of leakage, 
unmetered use and evaporation, account for 28 per cent of Perenjori’s consumption. 
Repairing leakages, identifying and limiting unmetered use and limiting evaporation potential 
could save a significant amount of water. Water efficient appliances could achieve a 
consumption reduction of up to approximately 4 per cent and wastewater discharge of up to 
approximately 11 per cent.  
Behavioral change from education and community awareness programs may have an impact 
on reducing water use. There is scope for significant savings to be made as water 
consumption in Perenjori is well above the state average. Residential water consumption is 
estimated to be 157 kL/capita/year which compares to the Western Australian average for 
2000–01 of 132 kL/cap/year (ABS 2004) and the Perth average for single residential houses 
of 136 kL/cap/year (Loh & Coghlan 2003).  
If reclaimed water use for parks and gardens is not already employed in Perenjori, it should 
be considered. The greatest single consumer of water in the town is the Mullewa Road 
Sports Oval which accounted for 21 per cent of the town’s metered consumption and 15 per 
cent when losses are taken into account. Use of reclaimed water at this oval could 
significantly reduce scheme water consumption, as could stormwater collection and use, 
groundwater extraction and use, and reclaimed water use for year round demands (e.g. toilet 
flushing, industrial use). Further analysis is required to determine how effective and feasible 
these options would be. 
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1. Introduction 
This report details results of a water balance for the township of Perenjori. The water balance 
is ‘partial’ because it does not consider groundwater extractions or stormwater flowing into 
the town, but it does consider all other aspects of the urban water cycle.  
Water balance modelling enables us to understand where water is being distributed within a 
township. It considers the volume of water being imported into the township the volume of 
stormwater runoff and the volume of wastewater discharge. All water balance calculations 
have been calculated on a daily time step which means the model can reflect seasonal 
factors such as rainfall and evaporation which influence (among others) irrigation demand 
and stormwater runoff. 
Water balance modelling also allows us to compare water management options. In the case 
of Perenjori, possible water management options include rainwater tanks, end-use demand 
management, groundwater extraction and use, stormwater reuse, wastewater reuse and 
greywater reuse. Water balance modelling will be able to determine how much ‘scheme’ 
water (i.e. imported mains water), wastewater discharge and stormwater runoff would vary 
for different options and the estimated required size of water storages (such as rainwater 
tanks, greywater tanks, stormwater storages, groundwater storages and treated wastewater 
storages). 
This report analyses the existing water balance of Perenjori and compares it to scenarios 
where: 
  (i) every house uses a rainwater tank for garden irrigation and toilet flushing 
 (ii) every house treats, stores and reuses greywater for garden irrigation and toilet 
flushing; and 
(iii) every house directly uses greywater for sub-surface garden irrigation. 
(‘Greywater’ refers to water being produced from kitchens, laundries and bathrooms.) A 
summary of the scenarios being modelled is shown in XXX. 
Table H1 Estimated water account 
Population 242 
Climate (mm/y) 
Rainfall 314 
Pan Evaporation 2451 
Scheme Water Supply Average 
(ML/y) 
Total 129 
Indoor 45 
Outdoor 47 
Losses 37 
Scheme Water Supply Average 
(kL/cap/y) 
Total 531 
Indoor 185 
Outdoor 192 
Losses 154 
Residential Scheme Water 
Supply Average (kL/cap/y) 
Total 157 
Indoor 66 
Outdoor 91 
Wastewater Discharge Average 
(ML/y) 45 
(kL/cap/y) 187 
Stormwater Runoff Average 
(ML/y) 40 
(kL/cap/y) 167 
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Table H2 Estimated impact of rainwater tanks 
Residential roof runoff generation (ML/yr) 6.0 
Raintank water use* (ML/yr)  5.3 
Scheme water supply saving 6% 
Residential roof runoff reduction  88% 
Stormwater runoff reduction for study area 13% 
* This is equal to estimated roof runoff reduction (ML/yr). 
Table H3 Greywater use summary 
Greywater generation (ML/yr) 13 
Greywater Use* (ML/yr) 
Irrigation 10 
Irrigation and toilet 12 
Scheme water supply saving 
Irrigation 18% 
Irrigation and toilet 19% 
Reduction is discharge to the 
wastewater treatment plant (%) 
Irrigation 22% 
Irrigation and toilet 26% 
* This is equal to estimated reduction in flows to the wastewater treatment plant. 
Table H4 Water servicing options to be modelled 
 Residential Other 
Other Garden Toilet All end uses 
Base case Imported water 
Scenario 1  Rainwater tanks  
Scenario 2 Treated greywater from on site treatment and storage 
unit 
Scenario 3 
Direct greywater sub-surface 
irrigation 
 
2. Methodology and data acquired 
To complete a water balance study requires a range of data. This includes spatial landuse 
data, including portion of impervious / pervious areas; daily rainfall and evaporation; water 
consumption; and population data.  
The spatial landuse information was sourced from Western Australian Department of 
Planning and Infrastructure. These data were classified into landuses zones such as 
residential, commercial, open space, road and industrial for the purposes of modelling. The 
portion of impervious/pervious areas and roof areas were estimated using aerial photography 
and a number of assumptions. These values are important for modelling roof water runoff 
(and hence rainwater tanks) and stormwater runoff. 
The water consumption data was supplied by Water Corporation. These data were split into 
seasonal and non-seasonal use. Seasonal use is largely made up of outdoor use and was 
estimated using a series of assumptions. Non-seasonal use, which is largely comprised of 
indoor use, was assumed to be the difference between seasonal and total use. Indoor use in 
residential areas was estimated using the work of Loh & Coghlan (2003). 
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Daily rainfall and evaporation were derived from SILO data drill 
(www.nrw.qld.gov.au/silo/datadrill/) and population data were sourced from the Australian 
Bureau of Statistics (2007). 
All of these data were fed into the daily water balance software Aquacycle. An analysis 
period of 1950–2006 was chosen. It should be noted that the modelling does not recreate the 
water flows from 1950–2006 but rather provides an estimation of what the water flows would 
have been if the current population, land-uses and water consumption practices were applied 
under the climate of 1950–2006.  
Various options Error! Reference source not found. were modelled in Aquacycle to 
determine what the difference in scheme water consumption, wastewater flows and 
stormwater flows would be under differing water servicing arrangements. The financial cost 
of each servicing option was then roughly estimated. 
Water consumption data 
Water consumption data were supplied by the Water Corporation of Western Australia. The 
data were metered annual figures of scheme water consumption for each individual property 
in Perenjori (for the years 1997 to 2006). A sum of the metered data for each year is shown 
in Error! Reference source not found.. The most recent years of 2003-2006 were used in 
the analysis because those years have significantly higher use and we are interested in 
current consumption levels rather than historic consumption levels. 
No data were available for alternative water uses such as rainwater tanks, recycled water or 
bore water. 
The water consumption data were matched with landuse data (Error! Reference source not 
found.) and population data (sourced from the Australian Bureau of Statistics, 2007) to 
produce estimated end use for each urban sector as shown in Error! Reference source not 
found.. It should be noted that there are minor inconsistencies in the classification of 
property type in the landuse data and water consumption data. The Water Corporation 
consumption data listed 28 industrial and commercial properties, 95 residential properties 
and 19 community (or ‘other’) properties. The figures from the landuse data of 22, 93 and 17 
respectively were adopted for the study however the total water consumption for each sector 
was taken directly from the Water Corporation data. 
Industrial and commercial sectors were lumped together because the landuse and water 
consumption data did not have consistent classifications. Note the commercial and industrial 
sector includes the Mullewa Road Sports Ground, which accounts for around 21 per cent of 
the town’s metered water consumption. 
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Figure H1 Metered town consumption for Perenjori (Water Corporation data) 
Table H5 End use for each sector in Perenjori 
 Population Lots Occupancy Average Water Use (ML/yr) 
Commercial and Industrial   0   22 0 35.7 
Residential 242   93 2.6 37.9 
Community   0   17 0 17.7 
Total 242 132  91.3 
Data of estimated scheme water supplied to the township of Perenjori were available for 
each month between 2003 and 2006. Monthly end use data are very useful as they 
demonstrate seasonal variation in end use. To estimate the percentage of consumption that 
was seasonal (i.e. outdoor use), it was assumed that during the month of least consumption 
there is no garden irrigation in July. 
It must be noted that the scheme water supplied to Perenjori (128.5 ML/yr), is much greater 
than the metered consumption of 91.3 ML/yr. This suggests there are losses in the system 
which may be attributed to leakage, unmetered use or evaporation from for example, a 
service reservoir. For the remainder of the report, they will be collectively referred to as 
‘losses’. 
The distribution of indoor and outdoor use for each sector was calculated by: 
  (i) Assuming residential indoor consumption for Perenjori is similar to Perth as reported by 
Loh & Coghlan, 2003 (Error! Reference source not found.). 
 (ii) Estimating residential outdoor consumption by deducting indoor use calculated in (i) 
from the total residential consumption (Error! Reference source not found.) 
(iii) Estimating the proportion of baseline consumption (i.e. non-seasonal consumption, 
which is mostly made up of indoor) to be equal to the consumption in July (the lowest 
value in the year). This means that baseline is estimated to comprise 49 per cent of 
total use and seasonal (which is mostly made up of outdoor use) 51 per cent. 
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(iv) Assuming the Mullewa Road Sports Ground uses all of its water for irrigation. 
(v) Distributing the remainder of outdoor and indoor water consumption proportional to 
total water consumption to ‘Commercial & Industrial’ and ‘Community’ sectors. 
Table H6 Average monthly scheme water supplied to Perenjori (2003–2006) 
Month 
Average consumption 
(ML) 
January 15.9 
February 15.3 
March 15.2 
April 10.9 
May 8.6 
June 7.7 
July 5.4 
August 5.6 
September 7.2 
October 10.7 
November 11.7 
December 14.4 
Total 128.5 
Perenjori’s distribution of water use is summarised in XXX and XXX. The highest consuming 
sectors are residential outdoor (17 per cent), commercial and industrial outdoor (17 per cent, 
of which 15 per cent is due to the Mullewa Road Sports Ground), community indoor (12 per 
cent) and commercial and industrial baseline (11 per cent). The most significant single 
contributor is ‘losses’ (28 per cent) which are assumed to be comprised of unmetered water 
consumption, leakage and evaporation from service reservoirs. 
The proportion of scheme water being used for garden irrigation in residential houses is 
estimated at 58 per cent, which compares to the Western Australian average of 50 per cent 
(ABS 2004) and the Perth single houses average of 54 per cent (Loh & Coghlan 2003). 
Possible reasons for this difference include the very dry climate in Perenjori, the water 
consumption culture of Perenjori being different to Perth and Western Australia in general, 
larger gardens in Perenjori or an under estimation of indoor water use (which would lead to 
an over-estimation of outdoor water use). 
Table H7 Estimated Residential Indoor End Use Breakdown (Loh & Coghlan 2003) 
End use 
Percentage 
indoor use 
L/capita/day 
Toilet 21% 38 
Laundry 32% 58 
Bathroom 38% 69 
Kitchen 9% 16 
Total 100% 181 
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Table H7 Estimated scheme water consumption for each Perenjori sector for 2003–2006 
 
Total use  
(ML/yr) 
Indoor use 
(ML/yr) 
Outdoor use 
(ML/yr) 
Indoor use 
(kL/lot/yr) 
Outdoor use 
(kL/Unit/yr) 
Commercial and industrial 35.7 14 22 635 986 
Residential 37.9 16 22 172 236 
Community  17.7 15 3 872 167 
Losses 37.2     
Total 128.5 44.8 46.5   
Total Consumption = 128 ML per year
Commercial & Industrial 
Seasonal (i.e. Outdoor)
17%
Community Baseline (i.e. 
Indoor)
12%
Residential Toilet
3%
Residential Laundry
4%
Residential Bathroom
5%
Residential Kitchen
1%
Residential Outdoor
17%
Losses
28%
Community Seasonal
 (i.e. Outdoor)
2%
Commercial & Industrial 
Baseline (i.e. Indoor)
11%
 
Figure H5 Distribution of scheme water consumption for Perenjori, 2003–2006 
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Land use data 
Land use data were sourced from the Western Australian Department of Planning & Infrastructure. Impervious (i.e. paved and roof) areas were 
estimated from aerial photography and it was assumed paved areas comprised 15 per cent of residential and 50 per cent of commercial, 
industrial and community impervious areas. A map of the study area is shown in Error! Reference source not found.. 
Table H8 Landuse data summary for Perenjori 
 Population 
Average 
block size 
(m2) 
Parcels 
(i.e. lots) 
People 
per lot 
Average 
block size 
(m2) 
Average roof 
area (m2) 
Average 
paved area 
(m2) 
Average 
garden/lawn 
area (m2) 
Total area 
(ha) 
Commercial and industrial*    0   4619 22 n/a   4619 756 133   3729   10.2 
Residential 242   3090 93 2.6   3090 272   48   2770   28.7 
Community (Other)    0 11727 17 n/a 11727 649 114 10964   19.9 
Open Space    0   n/a n/a    159.3 
Road    0   n/a n/a      16.7 
Total 242        234.9 
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Figure H6 Map of study area 
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N 
APPENDIX H: Water Balance Study Of Perenjori 
 
H15 
Climate data 
Climate data was sourced from SILO Data Drill (www.nrw.qld.gov.au/silo/datadrill/) using the 
coordinates of 29 24'S and 116 18'E. SILO data drill uses interpolation from closest climate 
stations to estimate a variety of parameters (Jeffrey et al. 2001). For this study, evaporation 
and rainfall were the only parameters required. Evaporation type is class A pan. Prior to 1970 
they are average daily values, and from 1/1/1970, interpolated recorded values. The entire 
SILO Data Drill climate file was for 1889 to 2007, however only 57 years from 1950 to 2006 
was used for modelling. This was to ensure the impact of average evaporation values was 
minimised and to reduce the model run-time and volume of model outputs to be analysed. 
The chosen time period also covers a range of dry and wet periods but it should also be 
pointed out that the second half of the twentieth century has noticeably less rainfall than the 
first half (Error! Reference source not found.). The lowest 5 year average for rainfall 
occurs from 1977 to 1981 and the lowest 10 year average from 1978 to 1987. It should also 
be noted that the previous five years of 2002–2006 are some of the driest in the series. 
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Figure H7 Annual rainfall totals and moving averages for SILO data drill values of Perenjori 
Annual figures for rainfall and evaporation used in the modelling are shown in Error! 
Reference source not found.. The average annual rainfall for this climate series is 
314 millimetres and the average annual evaporation is 2451 millimetres.  
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Figure H8 Rainfall and evaporation figures from SILO data drill for Perenjori 
Rainfall and evaporation are both very seasonal. The months of May to August have the 
highest average rainfall and lowest average evaporation which contrasts to summer which 
has extremely high evaporation and low rainfall (Error! Reference source not found.). This 
is the primary reason for irrigation demand varying so much throughout the year and the low 
summer rainfall will mean the rainwater tanks will not be very effective at meeting irrigation 
demand. 
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Figure H9 Average monthly rainfall and evaporation (1950-2006) from SILO data drill series 
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Stormwater run-off 
It is very important to understand that no stormwater runoff data was available to calibrate 
the model. Ideally, measured volumetric runoff coefficients would have been available 
(i.e. the volume of stormwater runoff divided by the volume of rainfall) for each surface type 
in the study area. This would have allowed us to adjust variables in the model such as 
‘percentage effective area’, ‘initial loss’ and ‘soil depth capacity’ to calibrate the stormwater 
runoff with recorded results. Using typical values for in the urban water balance model 
Aquacycle (Mitchell 2001), resulted in a volumetric runoff coefficient of 5 per cent. Such a 
small value is reflective of the large percentage of pervious area within the study area 
however we cannot be sure of the true value. The lack of stormwater runoff calibration 
means that the values seen in the results section can only be considered as indicative 
and should not be relied upon for design purposes and treated with caution for 
decision making.  
Wastewater discharge 
Wastewater flows were estimated by assuming all indoor use is converted into wastewater. 
Interactions of wastewater with groundwater or stormwater were not considered in this study 
because no data were available.  
3. Modelling approach 
A water balance computer model ‘Aquacycle’ (Mitchell, 2001) was used to compute the water 
balance for each of the servicing options considered for the area. 
Aquacycle integrates potable water supply, wastewater reticulation and stormwater flows into 
a single framework, and thus provides a holistic view of the urban water system in terms of 
the total water management. It uses a daily time step and represents an urban area in a 
quasi-distributed manner. Climate, landuse and infrastructure properties are the required 
inputs into Aquacycle. It is able to account for: 
 a variety of landuse types; residential, industrial, commercial, parks and public open 
spaces 
 different conventional water infrastructure designs such as combined sewers, septic 
tanks, separate stormwater systems, and groundwater bores  
 local climatic conditions. 
Aquacycle has three nested spatial scales to describe the components of an urban area 
referred to as the unit block, the neighbourhood and the catchment. The unit block (single 
allotment) represents a building and associated paved and pervious areas such as paths, 
driveways and gardens. The proportion of these areas are specified by the user, allowing a 
range of allotment types such as flats, commercial premises and industry to be represented 
as well as detached dwellings. The neighbourhood (cluster) comprises of a number of 
identical unit blocks as well as roads and public open space. The catchment represents the 
grouping of one or more clusters that may or may not have the same landuse. The order in 
which stormwater and wastewater flows from one cluster to another can be specified by the 
user, providing the ability to represent how they actually flow through a catchment 
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The different spatial scales allow a variety of different water infrastructure to be modelled, for 
example:  
 At allotment scale—water usage efficiency, rain tanks, greywater collection and sub-
surface irrigation, on-site wastewater collection, treatment and reuse. 
 At neighbourhood scale—open space irrigation efficiency, aquifer storage and 
recovery, stormwater collection, treatment and use, and local wastewater collection, 
treatment and use. 
 At catchment/estate scale—stormwater collection, treatment and use, and wastewater 
collection, treatment and use. 
Assumptions used in modelling representation 
The following assumptions have been made for the water balance of the townsite: 
 The geology has been considered constant throughout the area. This simplifies the 
data input requirements and allows the analysis of simulation results to focus on 
landuse impacts alone, discounting impacts due to geological variations.  
 Indoor water use is constant throughout the year. There is no day-to-day and 
household-to-household variation considered.  
 Garden irrigation was based on soil moisture content. Irrigation was performed when 
the soil moisture fell below a certain level. 
The calibration parameters used in the water balance modelling are given below. 
Table H2 Aquacycle parameters 
Parameters Values 
Area of pervious soil store 1 (%) 70 
Capacity of soil store 1 (mm) 150 
Capacity of soil store 2 (mm) 250 
Roof area maximum initial loss (mm) 1 
Effective roof area % 95 
Paved area maximum initial loss (mm) 1.5 
Effective paved area % 10 
Road area maximum initial loss (mm) 1.5 
Effective road area % 20 
Base flow index (ratio) 0.1 
Base flow recession constant (ratio) 0 
Infiltration index (ratio) 0 
Infiltration store recession constant (ratio) 0 
% surface runoff as inflow 0 
Garden trigger to irrigate (ratio) 0.85 
Rainwater tank first flush (L) 0 
The calibration parameters of ‘area of pervious soil store’, ‘capacity of soil store 1’, ‘capacity 
of soil store 2’ and ‘garden trigger to irrigate’ were adjusted in an attempt to correlate 
modelled outdoor use with assumed outdoor use (Table H8). A comparison of the modelled 
outdoor use and the assumed outdoor use is shown in Figure H8.  
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Figure H10 Comparison of modelled outdoor use with assumed outdoor use 
4. Results 
4.1 Scenario 1: (Base case) – scheme water for all end uses 
Modelled scheme water volumes and wastewater discharges volume were fairly constant 
from year to year for the base case, hovering around 130 ML and 45 ML respectively 
(Figure H9). Imported water varied from a peak of 138 ML in 1976 to a trough of 119 ML in 
1992. Stormwater runoff varies from an annual peak of 235 ML in 1999 to 8 ML in 1979. In 
reality, wastewater discharge would be influenced by stormwater infiltration and would vary 
from year to year, however stormwater infiltration to the wastewater system was not included 
in the model. Stormwater runoff was highly variable because it is heavily dependant on 
rainfall which is highly variable. 
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Figure H11 Imported water consumption, stormwater runoff and wastewater discharge over time for 
Perenjori base case 
The average annual scheme water use, wastewater discharge and stormwater runoff were 
estimated to be 129 ML, 45 ML per year and 40 ML per year respectively. As discussed 
earlier, losses from leakage and/or evaporation from service reservoirs and/or unmetered 
use form a large part of imported water use (on average 37 ML per year). 
Table H3 Average yearly scheme water use, wastewater discharge and stormwater runoff for base case 
Neighborhood 
Scheme water 
use (ML/yr) 
Losses (ML/yr) 
Wastewater 
discharge 
(ML/yr) 
Stormwater 
runoff (ML/yr) 
Commercial & Industrial 50.4 14.6 14.2 4.6 
Residential 53.6 15.6 16.2 6.6 
Community 24.9 7.2 14.9 2.7 
Road and Open Space 0.0 0.0 0.0 26.5 
Total 128.8 37.4 45.3 40.4 
Table H10 below shows the distribution in modelled water consumption between indoor and 
outdoor use for different landuse zones for each month. The total annual figure and 
distribution between zones were calibrated to Water Corporation water consumption data. 
The proportion of water used indoor and outdoor were based on monthly water consumption 
data, also supplied by Water Corporation. 
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Table H4 Summary of modelled scheme water consumption for Perenjori 
Month 
Indoor use (ML) Outdoor use (ML) 
Losses  
(ML) 
Residential 
Others 
Sub- 
total 
Commercial 
& 
Industrial 
Residential Community 
Sub- 
total Toilet Others 
January 0.3 1.1 2.4 3.8 2.6 2.6 0.3 5.5 3.8 
February 0.3 1.0 2.2 3.5 2.3 2.3 0.3 4.9 3.4 
March 0.3 1.1 2.4 3.8 2.5 2.5 0.3 5.4 3.8 
April 0.3 1.0 2.4 3.7 2.1 2.1 0.3 4.5 3.3 
May 0.3 1.1 2.4 3.8 1.2 1.2 0.2 2.6 2.6 
June 0.3 1.0 2.4 3.7 0.5 0.5 0.1 1.0 1.9 
July 0.3 1.1 2.4 3.8 0.5 0.5 0.1 1.0 2.0 
August 0.3 1.1 2.4 3.8 0.8 0.8 0.1 1.7 2.3 
September 0.3 1.0 2.4 3.7 1.7 1.7 0.2 3.6 3.0 
October 0.3 1.1 2.4 3.8 2.5 2.5 0.3 5.3 3.7 
November 0.3 1.0 2.4 3.7 2.5 2.6 0.3 5.4 3.7 
December 0.3 1.1 2.4 3.8 2.6 2.7 0.3 5.6 3.9 
Total 3.4 12.6 28.8 44.8 21.8 22.0 2.8 46.6 37.4 
Modelled stormwater runoff from the study area totals 40 ML per year on of which 23 ML is 
from impervious areas (Table H11). The model suggested runoff from pervious areas was 
largely confined to the wettest months of the year, May through to July. Runoff from 
residential roofs comprises approximately 15 per cent of stormwater flow in the study area 
and approximately 90 per cent in residential areas. 
Table H5 Average monthly stormwater runoff and wastewater generation for Perenjori base case 
Month 
Wastewater 
generation 
(ML/y) 
Stormwater runoff (ML) 
Total 
Total 
impervious 
Residential 
roofs 
Other 
impervious 
(roads, paved 
areas) 
Total 
pervious 
Garden 
January 3.8 2.0 0.9 0.3 0.6 1.1 0.1 
February 3.5 1.7 0.9 0.3 0.6 0.9 0.1 
March 3.8 4.0 1.1 0.4 0.7 2.9 0.2 
April 3.7 2.8 1.3 0.5 0.8 1.6 0.1 
May 3.9 11.6 2.9 1.0 1.9 8.7 0.4 
June 3.8 6.9 3.0 1.1 1.9 3.9 0.3 
July 3.9 5.5 2.6 0.9 1.7 2.9 0.2 
August 3.9 3.3 1.9 0.7 1.3 1.3 0.1 
September 3.7 1.0 1.0 0.3 0.6 0.0 0.0 
October 3.8 0.7 0.6 0.2 0.4 0.2 0.0 
November 3.7 0.4 0.4 0.1 0.2 0.0 0.0 
December 3.8 0.5 0.5 0.2 0.3 0.0 0.0 
Total 45.3 40.4 17.0 6.0 10.9 23.5 1.5 
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4.2 Scenario 1: Rainwater Tanks supplying garden and toilets 
Scenario 1 is an investigation into the effectiveness of rainwater tanks in reducing scheme 
water use and stormwater runoff. The size of rainwater tanks to be modelled was based on 
the volumetric efficiency curves shown in Figure H10. Volumetric efficiency is defined as the 
percentage of demand met over the modelling period, where demand is for the toilet and 
garden. 
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Figure H12 Volumetric reliability and consumption curves for rainwater tanks in Perenjori  
Based on these figures, a rainwater tank of 20 kL has been adopted for residential properties 
in Scenario 1. This is seen as a compromise between available space, cost and maximising 
volumetric efficiency (and is essentially represented by the point on the graph where the 
curves begin to flatten). It must be remembered that these figures are based upon average 
roof size, occupancy rates and demand profiles. The curve shown in Figure H10 is not 
representative of all houses in Perenjori. 
Figure H11 below shows that annual scheme water consumption varies over the modelling 
period from a peak of 109 ML in 1975 to 133 ML in 1976. This is a reduction in the annual 
peak of 5 ML from the base case. Stormwater runoff varies from 5 ML in 1979 to 228 ML in 
1999. This is a reduction in peak of 7 ML from the base case. 
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Figure H13 Imported water consumption, stormwater runoff, rainwater tank use and wastewater discharge 
over time for Perenjori Scenario 1 
The modelling indicates that adoption of rainwater tanks for toilet and garden use in every 
residential household would mean approximately 5 ML of rainwater and 121 ML of scheme 
water would be consumed on average each year (Table H12). This is a reduction of 8 ML of 
scheme water consumption from the base case. Note the reduction in scheme water is not 
directly proportional to rainwater because the model (correctly or incorrectly) assumes losses 
are directly proportional to the volume of scheme water consumed. The modelled losses 
have decreased marginally (from 37.4 ML to 35.2 ML) due to the reduced reliance on 
scheme water. 
Table H6 Average yearly scheme water use, rainwater tank use, losses, wastewater discharge and 
stormwater runoff for Perenjori Scenario 1 
Neighborhood 
Scheme 
water use 
(ML/yr) 
Rainwater 
tank use 
(ML/yr) 
Losses 
(ML/yr) 
Wastewater 
discharge 
(ML/yr) 
Stormwater 
runoff (ML/yr) 
Commercial & 
Industrial 
50.4 0.0 14.6 14.2 4.6 
Residential 46.2 5.3 13.4 16.1 1.5 
Community 24.9 0.0 7.2 14.9 2.7 
Road and Open 
Space 
0.0 0.0 0.0 0.0 26.5 
Total 121.4 5.3 35.2 45.1 35.4 
Adoption of rainwater tanks would reduce stormwater runoff from the study area by an 
average of approximately 5 ML a year. Rainwater tanks only have a minor impact on 
stormwater runoff from the study area because a large portion of runoff comes from non-
residential areas. Residential roofs make up around a sixth of total stormwater runoff (see 
Table H13). 
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Table H7 Average monthly stormwater runoff and wastewater generation for Perenjori Scenario 1 
Month 
Wastewater 
generation 
(ML/y) 
Stormwater runoff (ML) 
Total 
Total 
impervious 
Residential 
roofs 
Other 
impervious 
(roads, 
paved areas) 
Total 
pervious 
Garden 
January 3.8 1.7 0.6 0.3 0.3 1.1 0.1 
February 3.5 1.4 0.6 0.3 0.3 0.9 0.1 
March 3.8 3.6 0.7 0.4 0.4 2.9 0.2 
April 3.7 2.4 0.9 0.5 0.4 1.6 0.1 
May 3.9 10.8 2.1 1.0 1.0 8.7 0.4 
June 3.7 6.0 2.1 1.1 1.0 3.9 0.3 
July 3.9 4.9 2.0 0.9 1.0 2.9 0.2 
August 3.8 2.7 1.4 0.7 0.7 1.3 0.1 
September 3.7 0.6 0.6 0.3 0.3 0.0 0.0 
October 3.8 0.5 0.4 0.2 0.2 0.2 0.0 
November 3.7 0.2 0.2 0.1 0.1 0.0 0.0 
December 3.8 0.3 0.3 0.2 0.1 0.0 0.0 
Total 45.1 35.4 11.9 6.0 5.9 23.5 1.5 
4.3 Scenario 2: Greywater reuse for garden and toilet 
Scenario 2 is an investigation into the effectiveness of on-site greywater treatment and 
storage in reducing scheme water use and wastewater discharge. The size of the greywater 
tank to be used was based on the volumetric efficiency curves shown in Figure H12. 
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Figure H14 Volumetric reliability and consumption curves for greywater tanks in Perenjori 
APPENDIX H: Water Balance Study Of Perenjori 
 
H25 
Based on Figure H12, a greywater tank of 2.5 kL was adopted for all residential properties. 
Increasing the size of the greywater tank will only improve efficiency marginally, so a small 
storage of 2.5 kL is adequate.  
Figure H13 below shows that scheme water consumption varies over the modelling period 
from a peak of 120 ML in 1976 to 104 ML in 1992. This is a reduction in peak of 18 ML from 
the base case. Wastewater discharge reduces on average by 12 ML each year. Stormwater 
discharge does not vary from the base case because there has been no change to the 
stormwater flow regime. 
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Figure H15 Imported water consumption, stormwater runoff, greywater tank use and wastewater discharge 
over time for Perenjori Scenario 2 
Adoption of greywater treatment and storage systems for application to toilet and garden in 
all residential houses would mean approximately 12 ML of greywater and 112 ML of scheme 
water would be consumed on average each year. Losses from the system are assumed to 
decrease from the base case because the model (either correctly or incorrectly) assumes 
that losses are directly proportional to scheme water consumption. 
Table H8 Average yearly scheme water use, greywater tank use, losses, wastewater discharge and 
stormwater runoff for Perenjori Scenario 2 
Neighborhood 
Scheme water 
use (ML/yr) 
Greywater use 
(ML/yr) 
Losses 
(ML/yr) 
Wastewater 
discharge 
(ML/yr) 
Stormwater 
runoff (ML/yr) 
Commercial & Industrial 50.4 0.0 14.6 14.2 4.6 
Residential 37.1 11.7 10.8 4.5 6.6 
Community 24.9 0.0 7.2 14.9 2.7 
Road and Open Space 0.0 0.0 0.0 0.0 26.5 
Total 112.3 11.7 32.6 33.6 40.4 
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Adoption of greywater treatment and storage systems would have very little impact on 
stormwater runoff as they would have no impact on the stormwater flow regime. Runoff for 
Scenario 2 is the same as the base case (refer to Figure H13 for a summary of the monthly 
flows from various surfaces in Scenario 2).  
4.4 Scenario 3: Greywater diversion to garden 
Scenario 3 is an investigation into the effectiveness of a simple greywater diversion to 
garden. The model uses subsurface irrigation rather than surface application as this is a 
safer way to deal with greywater than surface application. 
Figure H14 below shows that scheme water consumption varies over the modelling period 
from a peak of 122 ML in 1976 to 107 ML in 1992. This is a reduction in peak of 16 ML from 
the base case. Wastewater discharge is estimated to reduce by an average of 10 ML per 
year. 
0
50
100
150
200
250
1950 1960 1970 1980 1990 2000
Year
M
e
g
a
li
tr
e
s
 p
e
r 
y
e
a
r
Imported Water (ML/yr) Stormwater discharge (ML/yr)
Wastewater discharge (ML/yr) Greywater Use (ML/yr)
 
Figure H16 Imported water consumption, stormwater runoff, greywater use and wastewater discharge 
over time for Perenjori Scenario 3 
Adoption of greywater diversion in every residential house in Perenjori would mean 
approximately 10 ML of greywater and 115 ML of scheme water would be consumed on 
average each year (Table H15). Adoption of greywater diversion for garden irrigation would 
have very little impact on stormwater runoff as greywater diverters have no impact on the 
stormwater flow regime. Runoff for Scenario 3 is the same as the base case (refer to 
Figure H14 for a summary of the monthly flows from various surfaces in Scenario 3). 
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Table H9 Average yearly scheme water use, greywater tank use, losses, wastewater discharge and 
stormwater runoff for Perenjori Scenario 3 
Neighborhood 
Imported water 
use (ML/yr) 
Greywater use 
(ML/yr) 
Losses 
(ML/yr) 
Wastewater 
discharge 
(ML/yr) 
Stormwater 
runoff 
(ML/yr) 
Commercial & Industrial 50.4 0.0 14.6 14.2 4.6 
Residential 39.6 9.9 11.5 6.3 6.6 
Community 24.9 0.0 7.2 14.9 2.7 
Road and Open Space 0.0 0.0 0.0 0.0 26.5 
Total 114.8 9.9 33.3 35.3 40.4 
4.5 Comparison 
The modelling results show that: 
 Greywater reuse has a greater impact on reducing scheme water consumption and 
wastewater discharge than rainwater tanks however rainwater tanks have the benefit of 
reducing stormwater flows.  
 If greywater was to be applied directly to each garden in Perenjori (without treatment 
and storage), approximately 10 ML could be used each year on average, which 
equates to an 11 per cent reduction in scheme water consumption and a 22 per cent 
reduction in wastewater flows. 
 If the greywater was treated, stored and used for toilet flushing as well as garden 
irrigation, greywater consumption could be increased to 12 ML which equates to a 
13 per cent reduction in scheme water consumption and a 26 per cent reduction in 
wastewater flows.  
 Rainwater tanks being used for garden irrigation and toilet flushing has the potential to 
reduce scheme water consumption by 5 ML which equates to a 6 per cent reduction in 
scheme water consumption and a 13 per cent reduction in stormwater flows. The small 
reduction in stormwater is due to only a small portion of runoff coming from residential 
roofs. 
For a detailed comparison of scenarios, see Tables H16 and H17 below: 
Table H10 Average annual percentage difference from base case for Scenario 1, Scenario 2 and Scenario 3 
  
Scheme 
water use 
Losses 
Wastewater 
discharge 
Stormwater 
runoff 
Residential 
Scenario 1 14% 14%   1% 77% 
Scenario 2 31% 31% 70%   0% 
Scenario 3 26% 26% 61%   0% 
Total 
Scenario 1   6% 13%   0% 13% 
Scenario 2 13% 19% 26%   0% 
Scenario 3 11% 18% 22%   0% 
 
Water Management Plan for the Town of Perenjori: A Preliminary Community Profile 
 
H28 
Table H11 Comparison of scenarios 
  Base case 
Scenario 1: 
Rainwater 
tanks 
Scenario 2: 
Greywater 
tanks 
Scenario 3: 
Direct 
greywater 
diversion 
Population 242 242 242 242 
Climate (mm/y) 
Rainfall 314 314 314 314 
Pan Evaporation 2451 2451 2451 2451 
Scheme Water 
Supply (ML/y) 
Total 129 121 112 115 
Indoor 45 43 41 45 
Outdoor 47 43 38 37 
Losses 37 35 33 33 
Scheme Water 
Supply (kL/cap/y) 
Total 531 501 463 474 
Indoor 185 179 171 185 
Outdoor 192 177 158 151 
Losses 154 145 134 137 
Residential Scheme 
Water Supply 
(kL/cap/y) 
Total 157 135 108 116 
Indoor 66 60 52 66 
Outdoor 91 75 56 50 
Wastewater 
(ML/y) 45 45 34 35 
(kL/cap/y) 187 186 138 146 
Stormwater Runoff 
(ML/y) 40 35 40 40 
(kL/cap/y) 167 146 167 167 
Rainwater Use (ML/y) 
Total 0 5 0 0 
Indoor 0 1 0 0 
Outdoor 0 4 0 0 
Rainwater Use 
(kL/cap/y) 
Total 0 22 0 0 
Indoor 0 6 0 0 
Outdoor 0 16 0 0 
Greywater Use (ML/y) 
Total 0 0 12 10 
Indoor 0 0 3 0 
Outdoor 0 0 8 10 
Greywater Use 
(kL/cap/y) 
Total 0 0 48 41 
Indoor 0 0 14 0 
Outdoor 0 0 34 41 
5. Discussion 
5.1 Model uncertainty 
The model uncertainty is difficult to define because the uncertainty of the input parameters is 
difficult to define. The authors of this report have little knowledge surrounding the accuracy of 
the data because they were not involved in their collection, nor have they had any contact 
with those who collected them. 
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The stormwater component of the model is clearly highly uncertain because no data were 
available for its calibration. The stormwater runoff figures were calculated using typical 
Aquacycle parameters and the model outputs should be seen as indicative only. They should 
not be used for design purposes nor should they be seen as an accurate estimate of 
stormwater runoff. 
A sensitivity analysis was not undertaken due to time constraints. Past experience suggests 
the spatial lumping of individual houses into ‘clusters’ would create model ‘error’. The 
variation of roof size, occupancy rate and demand has not been taken into account for the 
greywater or rainwater modelling. Figures surrounding water consumption will also be highly 
sensitive and the assumptions regarding losses in the system should be reviewed by 
someone who as knowledge of the operation of Perenjori’s water supply.  
Despite the uncertainty, there are conclusions that can be drawn from the modelling. 
Greywater reuse obviously has greater potential than rainwater tanks for reducing scheme 
water consumption. It can also be concluded that rainwater tanks will only have limited 
effectiveness in Perenjori due to the highly seasonal climate. Rainwater tanks would have a 
discernible impact on runoff in residential areas however it is unlikely to be significant for the 
entire study area. 
5.2 Rainwater tanks 
Despite the inherent uncertainty of the modelling results, a number of conclusions can be 
drawn. These include: 
 Rainwater tanks have only a minor impact in reducing scheme water use 
(approximately 14 per cent for residential areas and 6 per cent for all of Perenjori). 
 Rainwater tanks significantly reduce runoff from residential lots (approximately 77 per 
cent) however they have only a minor impact in reducing overall stormwater runoff 
volumes (approximately 13 per cent). The study area is very large and the residential 
lots only make up a small portion of the study area (29 ha of 235 ha). Whilst rainwater 
tanks are effective in capturing most roof runoff, roof runoff only makes up a small 
portion of total runoff. 
 Very large rainwater tanks are required to achieve adequate volumetric efficiencies 
(where volumetric efficiency is defined as the percentage of demand met over the 
modelling period) due to the infrequent and highly seasonal rainfall. Rainwater tanks of 
20 kL were chosen to achieve a volumetric efficiency of roughly 20 per cent. If there 
was no limitation on the size of rainwater tanks, the maximum volumetric efficiency that 
could be achieved is about 24 per cent (based on average roof size and average 
demand placed on the tank). (The proposed tank sizes used in this study are a 
compromise between tank volume and volumetric reliability however no cost-benefit 
analysis was conducted.) 
5.3 Rainwater tanks for irrigation only 
Rainwater tanks in the Scenario 1 water balances were used for toilet flushing and irrigation 
rather than irrigation only despite the cheaper plumbing costs for supplying irrigation only. 
This is because irrigation is a highly seasonal demand with low demand during the wet winter 
months and very high demand during the dry summer months. If rainwater tanks supplied 
irrigation only they would fail to meet demand in summer and would be of limited use in 
winter because there would be reduced demand. Much of the roof runoff would overflow from 
the rainwater tanks during winter months. Using rainwater tanks for toilet flushing, which has 
a constant demand, allows the rainwater tank to become more useful during the winter 
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months because it can reduce demand on imported water and at the same time reduce roof 
runoff. 
Shows a comparison of rainwater tanks supplying irrigation with rainwater tanks supplying 
irrigation and toilet flushing. The rainwater tank volumes are kept constant for each scenario 
and are the same volumes used in Scenario 1. As expected, the saving in scheme water is 
higher when toilets are connected to the rainwater tanks as is the reduction in roof runoff. 
It should be noted that the high irrigation demand mitigates the difference between the 
effectiveness of the two options. If irrigation demand was reduced, the difference between 
supplying ‘toilet and irrigation’ and ‘irrigation only’ would be increased (both for roof runoff 
and rainwater consumption). 
Table H12 Comparison of rainwater tanks used for irrigation with rainwater tanks used for irrigation and 
toilet flushing 
Residential roof runoff generation (ML/yr) 6.0 
Raintank water use (ML/yr) 
Irrigation 4.9 
Irrigation and toilet 5.3 
Scheme water supply saving (%) 
Irrigation 5.5% 
Irrigation and toilet 6.0% 
Residential roof runoff reduction (%) 
Irrigation 82% 
Irrigation and toilet 88% 
5.4 Greywater 
Use of greywater in residential lots has the potential to significantly reduce scheme water 
consumption and flows to the wastewater treatment plant. Comparison of Scenario 1 with 
Scenario 2 and Scenario 3 demonstrates that greywater use would be more effective than 
rainwater tanks in reducing scheme water consumption. If greywater is used for garden 
irrigation, with no treatment or storage, scheme water use is reduced in Perenjori by 
approximately 11 per cent. If greywater is used for garden irrigation and toilet flushing, 
scheme water use is reduced by approximately 13 per cent. This compares to rainwater 
tanks which would save around 5.5 per cent and 6.0 per cent for garden irrigation and 
garden irrigation / toilet flushing respectively. Greywater use is therefore more effective in 
reducing scheme water consumption than rainwater tanks. 
Table H13 Comparison of greywater used for irrigation with greywater used for irrigation and toilet 
flushing 
Greywater generation (ML/yr) 13 
Greywater use (ML/yr) 
Irrigation 10 
Irrigation and toilet 12 
Scheme water supply saving (%) 
Irrigation 11% 
Irrigation and toilet 13% 
Reduction in wastewater flows (%) 
Irrigation 22% 
Irrigation and toilet 26% 
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Arguments against using greywater include: 
 contaminant loads to land are increased 
 wastewater flows are decreased which may cause clogging problems in the sewers 
and counteracts the potential benefits of centralised reclaimed water use 
 maintenance of the greywater systems on-site can be costly and beyond the ability of 
some occupants. 
Counter arguments include: 
 Contaminants from greywater use would not be significant in Perenjori due to the low 
density nature of the town. The soils should be capable of dealing with the extra 
contaminants / nutrients (especially in the case where the greywater is treated). 
 A decentralised reuse system such as greywater does not require an expensive third 
pipe to be plumbed to every household. The infrastructure of a greywater system would 
also be above ground and therefore have a reduced chance of being affected by 
salinity. 
 A well operated and designed greywater treatment and storage system should not 
require excessive maintenance. Direct greywater diversion for sub-surface irrigation 
would require very little maintenance or cost. 
Further analysis (e.g. costs, contaminant loads, local conditions and community attitudes) is 
required to determine which arguments would prevail and for a definitive answer on the 
benefits and costs of greywater use in Perenjori. Local laws and legislation regarding use of 
greywater would also need to be investigated. 
5.5 Outdoor water use 
Outdoor water use in Perenjori is estimated to be 91 kL/capita/year. This compares to the 
Western Australian average for 2000–2001 of 66 kL/capita/year (ABS 2004) and the Perth 
single residential average of 77 kL/capita/year (Loh & Coghlan 2003). The reasons for 
discrepancies are plentiful and may include modelling error, climatic factors, cultural factors 
(e.g. socially acceptable garden type), land block size, population density, soil type and 
existing alternative water sources for irrigation.  
Seasonal variation in residential outdoor water use ranges from 0.5 ML in June to 2.7 ML in 
December (see Table H20 for more details). The extreme variation in irrigation consumption 
is a direct result of the extremely seasonal climate. Outdoor water use in the non-residential 
areas was estimated to vary from 0.6 kL in June to 2.9 kL in December. 
It should be noted that the figures produced in the modelling are estimates only and are 
based on the seasonal patterns of end use and assumptions about residential indoor use. 
The figures represent scheme water consumption only and do not include alternative 
supplies such as reclaimed water or locally collected stormwater. 
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Table H14 Outdoor water use summary 
Month 
Residential Non-residential (kL) 
Total (ML) 
Per capita 
(kL) 
Total Per capita 
January 2.6 11 2.9 12 
February 2.3 10 2.6 11 
March 2.5 10 2.8 12 
April 2.1 9 2.4 10 
May 1.2 5 1.4 6 
June 0.5 2 0.6 2 
July 0.5 2 0.6 2 
August 0.8 3 0.9 4 
September 1.7 7 1.9 8 
October 2.5 10 2.8 12 
November 2.6 11 2.8 12 
December 2.7 11 2.9 12 
Total 22.0 91 24.6 102 
5.6 End use demand management 
End use demand management is a very effective way of reducing water consumption. End 
use demand management could be in the form of structural changes, such as water efficient 
showerheads, revised garden landscaping or water efficient washing machines; or in the 
form of non-structural changes, such as educating consumers to reduce consumption. A 
study of the impact of structural end use demand management in Canberra (Diaper et al. 
2003) reported annual water savings that can be achieved from water efficient appliances as: 
Appliance 
Water savings per household 
(kL/yr) 
Water efficient dishwashers 0.6 
Water efficient showerheads 26 
Dual flush toilets 18 
Water efficient washing machines 10 
This amounts to 55 kL of water per house annually that can be saved with adoption of water 
efficient appliances and does not include improved garden irrigation practices or non-
structural demand management. 
The saving of 55 kL per house per year for Canberra is not directly transferable to Perenjori 
however it can be safely assumed that significant savings can be made. A saving of 55 kL 
per house in Perenjori translates to 23 per cent of residential indoor use, 16 per cent of total 
residential use and 12 per cent of total use in Perenjori. 
5.7 Reclaimed water and stormwater collection and use 
If reclaimed water is not already used for irrigation of parks and gardens in Perenjori, 
consideration should be given to doing so. Reclaimed water use can be highly effective, 
especially if a constant, year round end use can be found (e.g. industry or residential toilet 
flushing). A constant, year round end use has the advantage over seasonal end use in that 
large volumes of water are consumed in winter. The required storage volume for the 
reclaimed water is hence reduced and total reclaimed water has the potential to be greater. 
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Stormwater collection and use could also be considered to supplement scheme water use. 
The annual stormwater runoff figures are high enough to warrant further analysis, however 
the infrequent and seasonal nature of rainfall would mean a large storage would be required. 
It should also be noted that the annual stormwater runoff figures include areas beyond the 
immediate township and it may not be practical to collect all of the stormwater runoff.  
Reclaimed water use has the benefit over stormwater collection and use in that the supply is 
constant and not subject to seasonal variation. This means the size of the reclaimed water 
storage will be significantly less than a stormwater storage with the same volumetric 
efficiency.  
5.8 Rainwater Tank, Greywater System and Plumbing costs 
It is difficult to estimate the cost of rainwater tanks and greywater systems as the cost will 
vary from one place to another. The information in this section has been collected from 
suppliers, web sites and past studies conducted in this area. The cost of the rainwater tanks 
from some of the manufacturers is listed in Table H21. The costs for various styles of 
greywater systems (sourced from Diaper et al. 2004) are listed in Table H24. The prices are 
indicative for estimation purposes only. 
In addition to cost of the rainwater tanks there are a number of other items to be considered 
for costing such as transportation, installation, additional plumbing, first flush devices, 
maintenance and insect proof screening. Some of these costs have been estimated by Grant 
et al., 2003 and should only be considered as indicative because installation costs of 
rainwater tanks are site specific. 
The total cost of a greywater system will depend upon the complexity of the design. Simple 
diversion valves cost very little ($30–$40) but the cost of a system will increase if storage, 
pumping and a sub-surface irrigation system is employed. A greywater treatment and storage 
system such as proposed in Scenario 2 could range from $2 000 to $10 000 depending upon 
style of treatment used, plus the cost of pumping and a sub-surface irrigation system. (Note 
that sub surface irrigation systems are eligible for a rebate under the State Water Strategy 
www.statewaterstrategy.wa.gov.au.) 
A rough estimate for the cost of a greywater system for Scenario 2 is $6 000 for the 
treatment and storage system, $200 for the sub-surface irrigation system and $720 for 
plumbing costs (as per Error! Reference source not found.). This totals to approximately 
$7 000. 
A rough estimate for the greywater system in Scenario 3 is $40 for the diverter valve, $200 
for the sub-surface irrigation system and conservatively $200 for plumber’s charges. This 
totals to approximately $450. 
Table H15 Rainwater tank installation and pump costs 
Item Cost ($A) 
Pipes and fittings 70 
Plumber charges 200 
Pump 350 
Electrician 100 
Total  720 
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Table H16 Total cost of 20 kilolitre rainwater tank 
Item Cost ($A) 
20 kL Tank 2375 
Delivery 100 
Installation 720 
Total  3195 
Table H17 Cost of rainwater tanks 
Tank capacity 
Team-poly 
tanks (Black)1 
ARI Plastank2 Tankmasta3 Aquasource3 
Litres Cost ($AU) Cost ($AU) Cost ($AU) Cost ($AU) 
1 000  410   
1 300   565  
1 500    2 340 
2 000   685  
2 250  590  2 750 
3 000    3 270 
3 300   890  
3 600  825   
4 500  825 1 020  
5 600   1 100  
5 900   1 155  
9 000 1 397 1 435 1 390  
10 000   1 460  
12 000   1 785  
13 500 1 837 1 825   
16 200   2 230  
18 000  2 090   
20 000   2 375  
22 000 2 475    
22 800   2 525  
25 000   2 625  
27 000 2 838 2 470 2 875  
30 000  3 220   
35 000   4 480  
45 000  5 020 5 250  
1 – www.enviro-friendly.com/team-poly-water-tanks.shtml 
2 – http://www.enviro-friendly.com/ari-plastank-water-tanks.shtml 
3 – http://www.enviro-friendly.com/pricelist.shtml 
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Table H18 Greywater system materials, costs, energy and maintenance requirements (Diaper 2004) 
Process type 
Lo or 
Hi tech 
Materials/major 
components 
Capital 
cost per 
household 
Energy usage 
Operation and 
maintenance requirement 
Simple diverter 
valve 
Low uPVC pipe $30–40 None—Gravity 
fed for irrigation 
Minimal maintenance of 
valve. Continuous user 
control of irrigation area 
Sedimentation 
tank and ecosoil 
irrigation field 
Low Standard piping 
Tank 
Gravel/ecosoil 
$12 000 
(1000 
L/day) 
Gravity fed or 
pumped 
Continuous user control of 
irrigation 
Desludging of 
sedimentation tank 
Diverter valve, 
filtration, storage 
(drip irrigation) 
Low Piping 
Tank 
Pump 
Drip piping 
$30–40 
$250 
$250 
$1–2/m 
Pumping 
required 
Continuous user control of 
irrigation 
Filter cleaning 
Sand filter (for 
subsurface 
irrigation or toilet 
flushing) 
Low Tank 
Pump 
UV lamp 
$5500 Pumping and 
UV 
7.2 kWh/kL 
(80% for UV) 
Continuous user control of 
irrigation 
None specified 
UV lamp replacement? 
Aeration (for 
toilet, garden and 
clothes) 
e.g. Pontos 
High Coarse filtration 
Tank 
Pumps 
Air blower 
UV lamp 
Microprocessor 
$6 500 Air blower 
Pumping 
UV  
Total 
0.6 kWh/day 
(for 2400 L) 
UV lamp replacement 
(annually) 
Electroflotation 
(for toilet, garden 
and clothes) 
High Tank 
Pumps x2 
Electrodes 
pH control 
Microprocessor 
$7 500 0.5-0.8 kWh/kL Electrode replacement 
Pressure filtration 
(toilet, garden and 
clothes) 
High Coarse filtration 
Tanks 
Pumps 
Filtration 
medium 
UV lamp 
Microprocessor 
NA Pumping 
required 
Coarse filter cleaning 
(monthly) 
Replace filter media 
(annually) 
Desludge tank (annually) 
UV lamp replacement 
(annually) 
6. Conclusion 
Residential water consumption in Perenjori was estimated using meter data supplied by the 
Water Corporation of Western Australia. The data indicate approximately 157 kL per capita 
per year is consumed, which is above average for Western Australia. The ABS estimated 
residential consumption in Western Australia to be 132 kL per capita per year (ABS 2004) for 
2000-2001 and Perth is estimated to consume 136 kL per capita per year in single residential 
households (Loh & Coghlan 2003). 
Estimated stormwater runoff from the study area is 40 ML per year, which represents an 
annual volumetric runoff coefficient of 5 per cent. No data was available for calibration 
however a volumetric runoff coefficient of 5 per cent reflects the large percentage of pervious 
area within the study area. Stormwater collection and use is a possible water management  
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option however it must be remembered that stormwater flows are highly seasonal and 
infrequent by nature. 
Theoretical wastewater discharge from the study area is estimated at 45 ML per year and 
has potential to be reclaimed and used for irrigation and other non-potable use (see 
Table H25). 
The wastewater numbers are based on water consumption data provided by the Water 
Corporation of Western Australia and make a series of assumptions about the proportion of 
indoor water consumption. If a reticulated wastewater recycling scheme were installed it 
could be preferable to stormwater collection and use in terms of required storage volume, 
because wastewater has a constant supply which means the reliability of wastewater reuse is 
higher than stormwater use for the same sized storages. Obviously there are other factors 
such as salinity, flooding and contaminant loads that need to be taken into account to 
determine which is preferable. 
Table H19 Estimated water account 
Population 242 
Climate (mm/y) 
Rainfall 314 
Pan Evaporation 2451 
Scheme Water Supply Average (ML/y) 
Total 129 
Indoor 45 
Outdoor 47 
Losses 37 
Scheme Water Supply Average 
(kL/cap/y) 
Total 531 
Indoor 185 
Outdoor 192 
Losses 154 
Residential Scheme Water Supply 
Average (kL/cap/y) 
Total 157 
Indoor 66 
Outdoor 91 
Wastewater Discharge Average 
(ML/y) 45 
(kL/cap/y) 187 
Stormwater Runoff Average 
(ML/y) 40 
(kL/cap/y) 167 
Rainwater tanks will only reduce scheme water consumption by 6 per cent and stormwater 
runoff by 13 per cent. Rainwater tanks are very good at intercepting roof runoff however roof 
runoff only makes up a small portion of total stormwater runoff. Even though roof runoff is 
reduced by 88 per cent, stormwater runoff is reduced by only 13 per cent (Table 26). 
Table H20 Rainwater tank summary 
Residential roof runoff generation (ML/yr) 6.0 
Raintank water use* (ML/yr) 5.3 
Scheme water supply saving (%) 6% 
Residential roof runoff reduction (%) 88% 
Stormwater runoff reduction for study area (%) 13% 
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Use of greywater on individual residential lots has the potential to be more effective than 
rainwater tanks. Use of greywater on every residential lot for garden irrigation has the 
potential to reduce scheme water use by approximately 11 per cent or 10 ML per year. If 
toilet flushing is included, this increases to 13 per cent and 12 ML per year. This equates to a 
reduction in flows to the wastewater treatment plant of 22 per cent when greywater is used 
for irrigation and 26 per cent when greywater is used for irrigation and toilet flushing. 
Table H21 Greywater use summary 
Greywater generation (ML/yr) 13 
Greywater use (ML/yr) 
Irrigation 10 
Irrigation and toilet 12 
Scheme water supply saving (%) 
Irrigation 11% 
Irrigation and toilet 13% 
Reduction in wastewater flows (%) 
Irrigation 22% 
Irrigation and toilet 26% 
To achieve significant improvements in water management, i.e. to achieve a reduction in 
scheme water consumption, wastewater discharge and stormwater runoff, measures beyond 
rainwater tanks need to be considered. On-site reuse of greywater offers a potential 
significant reduction in scheme water consumption and wastewater flows. End use demand 
management in the form of water efficient appliances, public education, water efficient 
gardens and water pricing would also reduce scheme water consumption and wastewater 
flows. Other management options such as stormwater collection and use, groundwater 
extraction and reclaimed water could also be considered. 
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1. Introduction 
Current water management practice and townsite salinity issues in the WA Rural Towns–
Liquid Assets (RT-LA) have certain similarities which are associated with their water supply 
schemes, the geological and geographical characteristics of the townsite catchments and 
their history of development. Commonly, all towns included in the RT-LA project experience 
certain damage to the local infrastructure due to the corrosive effects of saline soil and 
groundwater. There is also a concern related to fresh water availability, its quality and costs 
associated with water delivery to the towns. These similarities allow identifying urban salinity 
and rural water supply as the major objectives of the RT-LA project.  
However, variations in townsite characteristics influence the town-specific water 
management issues and priorities. 
Urban salinity and waterlogging may be related to the regional processes (such as rising 
regional groundwater levels or regular flooding), localised processes (such as enhanced 
infiltration as a result of water use in the towns or stormwater ponding in landscape 
depressions and upstream from local infrastructure such as roads) or both. Accordingly, 
water management options or their combination will be different in each case. For instance, 
in a case of a rising regional groundwater levels, stormwater management may provide only 
a limited capacity to control salinity in the towns, and groundwater abstraction may become 
an important component of the Water Management Plan. On the other hand, stormwater 
management may be adequate when salinity is caused by localised surface water 
accumulation. 
It is important to note that the social survey, undertaken during 2004–2005 as a part of the 
project, indicated that local communities often do not consider townsite salinity as a pressing 
issue for their towns. Wall rendering is often used to protect local buildings, regular road 
repairs cover the damage caused by waterlogging, and overall salinity becomes a 
background feature of the townsite life which often remains unnoticed. 
Similarly, issues related to the townsite water supply were not identified by the towns’ 
residents as serious. Most of the towns included in the project have no restrictions on water 
use. However, shires are concerned with the cost of water used for irrigation of the towns’ 
recreation grounds and parks. Although there are local non-potable water sources available 
to shires (such as treated wastewater and local dams), they do not provide a sufficient and 
reliable resource for shire water demand. Accordingly, scheme water is often used for 
watering townsite public areas. 
Yet the current water price, while it may be considered high by shires, is nevertheless heavily 
subsidised by the State Government, so that the introduction of any new water supply 
schemes may be limited by the current water pricing policy. It is important to define 
conditions/circumstances, when an alternative water supply may be cost effective (such as 
government subsidies, price policy alteration, etc.). 
Interestingly, there existed a desire, by many communities, to beautify their townsite, which 
largely relates to the improvement of townsite vegetation ('leafy streets') and therefore 
requires additional water resources for irrigation. 
New alternative local water supply sources may be possible through: 
● surface water harvesting in the vicinity of the townsite 
● restoration of the existing large dams previously used for the water supply (and still 
owned by the Water Corporation); and/or 
● pumping and desalinating groundwater to control watertables under towns. 
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Each town requires an evaluation and comparison of various, and sometimes conflicting, 
objectives and water management options. This prioritisation framework aims to navigate a 
path through townsite’s specific issues and to facilitate development of the strategy for each 
townsite investigation and Water Management Plan design. 
The nature of the task is well suited to an expert system (ES) methodology. An important 
outcome of this approach is in providing a transparent, while structured and knowledge-
based appraisal of complex issues and solutions leading to a Water Management Plan that is 
more likely to be accepted by shareholders. Furthermore, this approach facilitates the 
integration of outcomes from multidisciplinary research employed in the project. The 
disciplines encompassed hydrogeology, geophysics, surface hydrology, water quality, urban 
drainage, social contexting and economic studies. 
A general description of expert system’s approach is provided in Section 2. Section 3 details 
the methodology as applied to this project. The methodology is presented in several steps; 
each step is illustrated in Section 4 using the information collected/generated for the four 
towns currently undergoing investigations. 
The described below approach has been developed and adopted within the project Rural 
Town–Liquid Assets and approved by the project management team.  
2. Expert systems and their applications 
The study of water related management issues and decision options are a complex 
interaction of disciplines and social and economic criteria. Development of expert systems 
(ES) and multi-criteria analysis (MCA) enables a simpler framework to tackle a complex 
problem for the decision maker. Use of MCA and ES provide a greater understanding of the 
problem for decision makers through a simplistic, transparent and systematic evaluation that 
can be repeated and modified as required (Özelkan and Duckstein 1996; Verbeek et al. 
1996). MCA and ES provide a better general understanding of the structure of problems as 
well as a better understanding of possible outcome options and the prioritisation of options 
(Özelkan and Duckstein 1996). This is increasingly important as public awareness of 
environmental issues increase and valuable public input is included in a MCA or ES. 
(Khadam et al. 2003).  
Expert systems are a branch of applied artificial intelligence (AI), which were broadly 
developed in mid 1960s (Liao 2005). The ESs allows expert knowledge to be transferred to a 
computer program in a structured manner, which can then be used if specific advice is 
needed. ESs often use heuristic reasoning rather then numeric calculations, focus on 
acceptable rather then optimal solutions, allow separation knowledge and control, and 
incorporate human expertise. They also tend to be suitable for ill-structured and 
semi-structured problems (Shepard 1997). ESs are usually developed for specific domains 
rather then for a generic application. ES development requires a degree of interaction 
between the system developer and the user. 
ESs provide a powerful and flexible means for obtaining solutions to a variety of problems 
that often cannot be dealt with by other, more traditional methods. They are particularly 
useful when multi-disciplinary complex problems are addressed. There are a number of ES 
categories (e.g. rule-based systems, knowledge-based systems, neural networks, fuzzy 
expert systems, etc.) which may be applied to a variety of the subjects such as system 
development (Mulvaney and Bristow 1997), geoscience (Soh et al. 2004), environmental 
protection (Gomolka and Orlowski 2000), urban design (Xirogiannis et al. 2004), waste 
management (Fu 1998), ecological planning (Zhu et al. 1996), water supply forecast 
(Mahabir et al. 2003) and others. 
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The report presents the initial stage of an expert system development aiming to support 
decision making process on water management improvement in WA rural towns. As such it 
describes an algorithm which in the later stage could be translated to a commuter-based ES. 
Key to the development of MCA and ES systems is the identification of decision objectives. 
Decision objectives will form the foundation of criteria used in the MCA and ES. The 
objectives can be translated into measurable criteria that reflect the common questions of the 
decision maker (Rosa et al. 1993; Verbeek et al. 1996; Khadam et al. 2003). Carter et al. 
(2005) and Chen et al. (2005) used MCA for water management based on a long term 
objective of water demand and consumption coupled with resource availability and efficiency 
of use. Objective based criteria and expert knowledge can be factored together with 
management policy, public values and political and administrative criteria that is difficult to 
quantify (Rosa et al. 1993; Verbeek et al. 1996). An integrated approach to water 
management is widely accepted, it can highlight the interactions between ground and surface 
water and between water and human factors (Carter et al. 2005). Carter et al. (2005) gives 
the example of urban development policy compromising groundwater recharge and quality. 
Rosa et al. 1993 used an ES to asses the field vulnerability of agrochemicals. The system 
combined local factors relating to soils, climate, water and chemicals with land management 
factors. Verbeek et al. 1996 used and MCA that combined various models and administrative 
policies to create an Integrated decision support system. 
The majority of MCA and ES within water management can be classed into two groups. 
Those that assess the physical aspect of water management, such as risk assessment 
(Khadam et al. 2003), condition classification, vulnerability (Rosa et al. 1993), and those that 
assess the outcomes of water management such as, reactions to policy and various options 
(Bethune 2004). Khadam et al. (2003) used MCA to assess risk of contaminated 
groundwater, when risk was analysed as being un-acceptable a number of remedial 
alternative were identified. MCA analysis was also used to rank the remedial measures. 
Khadam et al. (2003) stated that when no one dominant measure can be identified as either 
the best or worst, MCA was a useful tool in ranking the outcomes. MCA has been used to 
assess options for the abstraction of bores at risk of chlorinated solvents. MCA was used in 
two parts, firstly problem identification and secondly for the prioritisation of monitoring 
strategies (Tait et al. 2004). Lee et al. (1997) studied the use of a fuzzy ES for the 
classification of stream water quality. The ES was focused on streams for which quantitative 
water quality data was not collected. Using ecological information to classify the streams, 
based on physical characteristics (e.g. turbidity) and biological indicator species, the results 
showed that the fuzzy ES represented the real world well and better than conventional ES on 
a comparison. 
3. Framework for prioritisation of the water management 
options (FPWMO) 
A proposed framework is schematically presented in Figure I1 and outlined below. The 
RT-LA project has two main objectives: mitigation of townsite salinity and opportunities for 
new water supply resources. 
Within these objectives, FPWMO will help identify the townsite’s specific issues, related to 
current water management and within existing and forecasted constraints such as: 
● policy changes 
● consideration for regional priorities; and/or 
● water pricing changes. 
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As shown in Figure I1, the identified issues could be outside the project scope (e.g. limitation 
in energy supply, demographic trends), but those which are relevant to the project objectives 
need to be considered within the context of the Triple Bottom Line (TBL). Those solutions 
may be directly related to water resources management (groundwater or surface water) or 
water use/demand management. Alternatively they may be addressed by measures 
unrelated to the water management options, such as infrastructure modification providing a 
barrier between infrastructure and soil moisture or water efficient appliances, reducing 
potable water demands in the town. 
The proposed solutions can be ranked, costed and brought to the stakeholders’ attention. 
The water management options selected as a result of community consultations will be 
recommended for an engineering evaluation and be included in the Town Integrated Water 
Management Plan. 
The framework was developed to accommodate the project specific conditions, and as such 
is applicable at various stages in project development. It is also based on the data available 
to the project at its different stages. 
3.1 Townsite investigation strategy. The framework enables to help define the townsite 
specific issues and to guide the townsite investigations.  
At this stage the decision-making process is largely based on the data generated by the 
Department of Agriculture And Food, Western Australia’s (DAFWA) Rural Towns Program, 
which among other aspects includes groundwater monitoring records, preliminary 
geological/hydrogeological system description based on the drilling and a flood risk analysis. 
3.2 Evaluation of the town’s water needs and the availability of local water resources 
to satisfy demands. At this stage the framework guide the 'water audit' process, when 
the local water resources, defined during the townsite investigations, are considered 
simultaneously with the town water demand and in the context of the current water 
supply.  
The local water resources include stormwater generated within the townsite, waste water and 
local groundwater. The methodology for the townsite water balance evaluation is described 
in Appendix H. 
Water supply data for each town has been provided by the Water Corporation, while shires 
supplied information on water use for community purposes within each town. 
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Figure I1 Framework for townsite prioritisation 
3.3 Selection of the townsite water management options. The framework leads to 
definition of the generic water management options and provides the basis for their 
prioritisation. It is particularly valuable that the framework facilitates engagement of the 
local communities in this process. 
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The main outcome at this stage is a final scope for the Water Management Plan (WMP) 
individually designed for townsite-specific conditions. Ideally WMPs also need to address 
new water demands for townsite beautification, new industry development and introduction of 
demand management options (alternative water appliances, third pipe, rain tank water use 
for toilet flushing and others). 
Following on from the project objectives, an integrated townsite Water Management Plan is 
required to address both urban salinity and the potential for developing new water resources. 
FPWMO allows facilitating the selection of water management options, while clarifying three 
major questions: 
● Is salinity a significant problem in a town? 
● If so, how is it managed best? 
● Is there sufficient demand for a new water supply? 
4. Questions 
4.1 Is salinity a significant problem in the town? 
As mentioned above, townsite salinity is not often considered by the local communities as a 
pressing issue. However, in some cases this opinion may be contradicted by observed 
salinity-related damage of local infrastructure. There were also references to the estimated 
cost of the WA townsite infrastructure damage as close to $50M over the next 30 years (URS 
2001). 
Figure I2 illustrates a structured approach to verify the query if salinity control should be 
included in the RT-LA scope. The decision here is largely based on the available data 
generated during the townsite monitoring undertaken by DAFWA’s Rural Town Program. 
At this stage the framework required identification of the following: 
4.1.1 Stormwater accumulation  
If there is a potential for surface water accumulation within the townsite during storm events 
or flooding, then salinity may potentially become an issue within the affected areas. 
4.1.2 Average annual groundwater level within townsite 
For the purposes of the townsite prioritisation it is feasible to use the trigger value for the 
groundwater level (1.8 m) proposed by Nulsen (1989). It was assumed that this depth 
indicates an annual average groundwater level. For more detailed analysis a salinity risk 
assessment could be used (Barron et al. 2005). 
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Figure I2 Infrastructure damage by waterlogging and salinity 
4.1.3 Groundwater level trends 
If the groundwater level was found to be below the trigger depth, it is also important to define 
trends in the groundwater level fluctuation. If an upward trend is observed then salinity may 
potentially become an issue, and further investigations are required to support a decision 
making process. 
4.1.4 Section of the townsite affected by shallow groundwater 
Due to landscape, depths to the groundwater within townsites may vary, and salinity 
processes may affect only a limited part of the townsite. In this case the requirements for 
salinity management need to be defined based on an evaluation of infrastructure damage 
cost, and are unlikely to be significant if the annual average groundwater level < 1.8 m occur 
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within less than 10 per cent townsite. At this stage the assessment is based on the up to date 
experience within RT-LA, but further evaluation is required.  
4.1.5 Infrastructure damage within the area affected by salinity 
The final decision on an individual case is made based on the type of infrastructure affected 
and should include consultation with community/shire representatives. The proposed 
triggered values for an annual average groundwater level and extent of the affected townsite 
area are indicative at this stage and require further verification. 
4.2 How to better manage salinity 
Once salinity is defined as a townsite issue, a number of options may be applied to control 
the process. They may include shallow and deep drainage, groundwater pumping or surface 
water rerouting. There may also be options which are not related to water management 
(such as the use of salt-resistant construction materials, infrastructure relocation or landuse 
alteration). In order to develop the most appropriate salinity control measures, it is important 
to define the nature of the salinity process in the townsite, which will allow dealing with the 
causes of salinity development rather then its manifestation. The methodology to verify the 
answers to this question is shown in Figure I3. 
Within the framework the characterization of the salinity is considered in the context of the 
shallow groundwater balance, where possible water fluxes within the shallow groundwater 
system are defined (Table I1). 
Often the groundwater systems in the WA wheatbelt consist of shallow and deeper aquifers. 
The difference between the groundwater and hydraulic head of the deeper aquifer describes 
the vertical groundwater gradient, and provides an indication of the shallow water balance 
components. A downward gradient (the groundwater is positioned above the hydraulic head 
of the deeper aquifer (Figure I4) indicates a downward flux from the shallow to the deep 
groundwater system (providing the shallow and deep aquifers are hydraulically connected). 
In such a case the drawdown of the shallow groundwater may be achieved by reduction in 
the local groundwater recharge, such as the elimination of stormwater accumulation or 
alteration in the gardens/parks irrigation regime. This scenario provides an opportunity for 
surface water harvesting within the townsite (subject to water quality). 
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Figure I3 Management options for waterlogging and salinity control 
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In the case where the hydraulic head in the deeper aquifer is above the groundwater 
(Figure I4), the upward groundwater fluxes are likely to contribute to the townsite salinity 
development (providing that there is a hydraulic connectivity between these two systems). In 
such a case, local groundwater recharge control may provide only limited capacity as a 
salinity control measure, and groundwater abstraction from the deeper groundwater system 
may be required. 
The abstracted water is likely to be brackish or saline and may be reused after treatment 
(desalination). Additionally there may be an alternative use for saline water, such as irrigation 
of salt tolerant turf and shrubs. The effectiveness of this option will depend upon aquifer 
transmissivity, which may be limited. 
Table I1 Shallow groundwater fluxes 
Shallow groundwater recharge Shallow groundwater discharge 
Regional infiltration (rainfall) Evaporation/evapotranspiration from the shallow 
groundwater  
Local infiltration (surface water accumulation or water 
use practice, e.g. parks’ irrigation) 
Throughflow 
Upwards fluxes from deeper groundwater systems Downwards fluxes to deeper groundwater systems 
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Figure I4 Variation in the vertical groundwater gradient (downward and upward). 
Deep 
Shallow 
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4.3 Is there significant demand for new water supply? 
Water use in WA rural towns predominantly relies on the scheme water supply, which is 
supplemented by treated waste water and surface water harvested in the local dams. 
Commonly water supply from the local resources combines up to 90 per cent treated waste 
water and up to 25–30ML harvested water. Local dam capacity in some towns is not 
sufficient to supply scheme water needs throughout the dry season, and the quality may be 
poor for drinking. The local fresh water resources are used by shires for irrigation of the town 
parks and sport grounds, often in combination with scheme water. 
Drinking water demands in towns are commonly satisfied by the existing water supply 
scheme. Scheme water use is currently restricted only in towns located along the Goldfields 
and Agricultural Water Scheme. 
 
It is important to identify the motivation of rural town communities to develop a new or 
alternative water supply. The requirement for new water resources is often driven by the 
water costs, which are considerable for the larger rural water users, such as shires and 
industrial groups. For instance, the annual water cost of the Katanning meatworks 
(WAMMCO) is in the range of $0.5M, while the Shire of Wagin scheme water use costs up to 
$20,000 per year (Woodanilling, up to $8,000, Nyabing, up to $6,000 and Lake Grace up to 
$18,000).  
 
Rural water supply is subsidised by Community Service Obligations (CSOs) and as a result 
rural town water tariffs at the lower ranks of water use (350KL) are comparable with the 
metropolitan water prices. The introduction of new local water resources, potentially including 
desalination of saline groundwater, is likely to carry much greater cost, and as such could be 
a less favorable alternative to the current water supplies. 
 
The Water Management Plan aims to address the current water demands and water quality 
constraints for townsite water supply. It also identifies potential water users if additional water 
supplies become available. This is preferably considered simultaneously with the water 
management options proposed to mitigate townsite salinity, as proposed within the FPWMO 
and demonstrated schematically in Figure I5. On the other hand it is anticipated that there 
may be demands for three main water quality types:  
1. Potable water for human consumption and some industrial use which may have 
specific water quality requirements: Supply of this water type is a subject to rigorous 
regulation and any new potable water resources will need to health standards and risk 
management. 
2. Fresh water for non-potable use for irrigation of domestic gardens and townsite parks 
and ovals. 
3. Brackish/saline water, which is not commonly used in towns, but the opportunities for 
brackish/saline water use for irrigation of salt-tolerant turf or aquiculture are within the 
scope of this project. 
 
The potential sources for those water demands are summarised in Table I2. 
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Figure I5 Townsite water demands. 
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Table I2 Sources of the local water resources 
Water quality Sources of water resources 
Potable water 
Potable water demand may be reduced by the introduction of alternative 
in-door water appliances or supplementing outdoor water use with fresh, but 
non-potable water supply. 
New potable water may be generated via groundwater desalination, 
providing the local groundwater water quality and quantity are adequate for 
desalination (contributing to salinity risk reduction). 
Fresh water for non-potable 
use 
New resources may be generated via townsite stormwater harvesting 
(contributing to salinity risk reduction). 
Catchment water harvesting or improvement of the existing dams (dam 
catchment enhancement, dams’ alteration) may provide additional fresh 
water resources. In some cases (as in Lake Grace) this option will also 
reduce the salinity risk within the townsite. 
Abandoned Water Corporation dams, previously used for local water 
supplies. 
Brackish/saline water 
Brackish/saline water used for irrigation of salt-tolerant turf. 
Brackish/saline water used for aquiculture. 
4.4 Identifying the scope for the townsite water management plan 
and ranking the water management options  
As described above FPWMO is designed to identify both key issues and potential water 
management options which in turn lead to the definition of the townsite Water Management 
Plan scope. 
The most commonly considered generic water management options are given in Table I3. 
The final decision on the WMP scope is based on comparisons and ranking of the 
preliminary selected options in view of the cost of their implementation and maintenance, 
local community preferences and environmental safety. 
To guide community engagement in the process of water management option selection, a 
multi-criteria ranking system was employed. The method allowed the ranking of water 
management options, based on the following: 
● Twelve selection criteria 
● Criteria weighting as an identification of its relevance to an individual town’s needs 
and/or community aspiration; and 
● Option score identifying the relevance of an individual water management option to 
satisfy the relevant criteria. 
 
Water Management Plan for the Town of Perenjori: A Preliminary Community Profile 
 
I20 
Table I3 Water management options aimed at improving rural town water management (the current batch 
of rural towns fit within a number of the shaded yellow boxes) 
 
Additional water demands 
Potable water Non-Potable Water None 
 Fresh 
Brackish/Salin
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Townsite 
stormwater 
management 
Direct use     
Disposal     
Treatment and 
reuse 
    
Groundwater 
abstraction 
Direct use     
Disposal     
Treatment     
Improvement in townsite water 
use 
    
Adoption of the salt resistant 
building materials 
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Catchment 
runoff 
harvesting 
Use     
Treatment     
Groundwater 
abstraction 
Reuse     
Disposal     
Treatment     
An example of the criteria, their weighting and scoring system is given in Table I4. While 
there is a suite of common criteria, their final selection is town specific and needs to be 
defined in consultation with main stakeholders. 
This approach may be further expanded to more refined multicriteria analysis. 
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Table I4 Criteria for water management option selection 
Criterion 
Weighing 
factor 
(1–10) 
Option score 
High (9) Medium (3) Low (1) 
Reduction in infrastructure damage  > $100 000 
$50 000-
$100 000 
< $50 000 
Additional water supply   
Reliable new 
water resource 
available for 
new user  
Above current 
Shire water 
demand to 
support 
townsite 
beautiful  
Below current 
Shire water 
demand  
Capital cost for the option  < $250 000 
$250 000–
$1 000 000 
> $1 000 000 
Annual operating and maintenance cost  < $50 000 
$50 000–
$100 000 
> $100 000 
Is the technology proven?  Yes Sometime used No 
Energy requirements   Low Medium High 
Ease of operation  Fully automated 
Some manual 
input 
Manually 
operated 
Downstream income   
Economic 
Profitable 
Positive benefit 
within TBL 
Positive total 
benefit within 
TBL 
Shire resources to implement the option  
No resources 
required  
Minimum 
resources 
required  
Resources 
required  
Potential external funding   
Fully sponsored 
by external 
sources 
Partly 
sponsored by 
external 
sources 
Minimum 
sponsored by 
external 
sources 
Employment   
Long term 
employment 
Short-term and 
long-term 
employment 
Sort term 
employment 
only  
Downstream environmental impact   Low risk Medium risk High risk 
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5. Conclusions 
The proposed methodology facilitates prioritisation of water management options in Western 
Australian towns. The framework has been adopted by the RT-LA project team to guide the 
project through the investigations of the next 12 towns. 
 
The framework identifies the most important issues related to townsite water management, 
which provides a number of benefits: 
● Identification of the research focus area within each town 
● Simultaneous identification of issues and opportunities which could be addressed by 
townsite Water Management Plans 
● Linkage of water demands with potential water resources 
● Engagement of local community in the decision make process 
● The structured format for a further expert system development. 
 
The framework is applicable at various stages of the townsite investigations and Water 
Management Plan development: 
● Research initiation which can be focused on the identify priority issue 
● Selection of water management options to utilise local water resources and match 
them to townsite water demands 
● Prioritisation of the water management options in consultation with the local 
community. 
 
It is anticipated that the framework will be advanced during the next stages of the RT-LA 
project with opportunities possible in the following areas: 
● Advancement in the integration of the social aspects which will provide a greater 
community engagement in the Water Management Plan design and therefore ensure 
the community ownership of the plan and its implementation 
● Deliver greater scientific platform for the expert system and multicriteria analysis  
● Potential computerisation of the framework aiming for design of a user-friendly tool for 
decision making process by various stakeholders. 
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1. Introduction and Background 
1.2. Introduction 
The townsite of Perenjori experiences stormwater flooding which repeatedly occurs in the 
vicinity of the Mullewa Rail Line and also adds to shallow groundwater recharge potentially 
threatening building assets in the town. Much rural infrastructure in the NACC region is 
associated with towns and transport corridors. Both are located in the landscape where the risk 
of salinity and flooding is higher due to a range of hydrological and engineering 
circumstances. 
Currently, some operational issues relating to stormwater management has meant that runoff 
is concentrated to the west of the railway line. Nuisance flooding problems are further 
exacerbated by the location and size of the railway culverts, and the lack of a coherent flow 
path eastwards, downstream of the line. 
The Shire of Perenjori, in consultation with DAFWA and GHD staff, has expressed a desire 
to improve stormwater harvesting capacity across the townsite generally. In this respect the 
establishment of a collection basin in the vicinity of the CBH site and a storage dam to the 
east of town, have been suggested. 
This document provides preliminary details for the construction of stormwater management 
and harvesting facilities within the townsite of Perenjori. Preliminary details, in this case are 
understood as drawings and sketches of sufficient detail to allow the ready development of 
construction plans in the field by reasonably qualified engineering staff. It is emphasised that 
it may still be necessary to seek further direction and interpretation should site problems or 
unforeseen issues be encountered. As such, the purpose of concept development is to explore 
a feasible preferred solution and allow cost estimates to be prepared, usually in the order of 
+/-30 per cent. Ultimate costs will depend on the contribution or utilisation of Shire resources 
including plant and labour. 
1.2. Background 
The Perenjori townsite previously experienced stormwater flooding problems in the area west 
of the railway line in the area downstream of the CBH facility and at the Carnamah – 
Perenjori Road intersection. Other additional problems seem to have also occurred following 
the construction of a diversion waterway (Western Diversion) around the western perimeter of 
the town. Whilst this was effective in removing a large proportion of flooding from this part 
of town it also prevented flow from reaching existing storage dams. This was remedied by 
redirection of a small proportion of waterway flows into the dams. No survey information is 
available on these adjustments but it is understood that this system is now operating 
satisfactorily. It is suggested that a review of the total water balance of the town be 
undertaken.  
Concentration of surface water has added to shallow water tables in the area with a potential 
to impact on a range of urban infrastructure. 
The CBH site is generally not included in the Western Diversion System with most of the site 
discharging in a south easterly direction, along the railway line to culverts beneath the 
Carnamah – Perenjori Road. As a fully developed area the CBH site has the potential to 
produce harvestable quantities of runoff on a regular basis due to low runoff thresholds and 
the high-early response. Developed areas are typified by increased impervious surfaces (roofs 
and pavements) and little or no natural vegetation. Both trends increase the collection and 
concentration of stormwater runoff by virtue of a very low runoff threshold. However such 
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areas need to be managed appropriately to avoid flooding, erosion and shallow recharge 
issues where they are released. 
Stormwater already harvested from the western waterway system is stored for later re-use in 
the irrigation of public open spaces and other shire facilities as well as in construction work. 
Currently there is no central storage dam that can be used to balance flows and improve year 
round availability of irrigation and construction water. Total storage capacity of the two 
western dams is estimated to be in the order of 30 ML and if managed effectively can 
contribute a large proportion of the non-potable needs for Perenjori. Currently, there is no 
information at hand on pumping or distribution systems associated with these dams. 
Once downstream of the Mullewa Railway, stormwater flows in a generally south easterly 
direction by various routes to eventually discharge into the large open drain system that runs 
along Oversby Road.  
The agricultural catchment to the north east of town produces significant runoff and has been 
responsible for flooding in the eastern section of the townsite itself. To mitigate the problem 
the Shire of Perenjori constructed a second diversion system (Eastern Diversion) around this 
north eastern perimeter. This system conveys mainly agricultural runoff via an open channel 
in a south easterly direction across Mr Gilmour’s property, joining the main outfall drain at 
Oversby Road, approximately 240 m east of the town boundary. The open channel is a 
substantial undertaking, effective in diverting significant storm flows away from the town. 
This floodway system is currently monitored by a DAFWA gauging station located within the 
Gilmour property. It is ideally sited to provide valuable data on the behaviour of rural 
catchments particularly in response to changing climatic conditions. 
This report will also examine preliminary designs to capture more runoff from this eastern 
agricultural catchment. It summarises the investigation and concepts important in the 
improvement of stormwater harvesting performance across this part of town. 
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2. Catchment Hydrology 
2.1. Catchment Description 
Management of stormwater and harvesting in the Perenjori townsite is focussed on the 
interaction of the Western and Eastern Diversion Systems. The topography is dominated by a 
ridge to the west which is typified by slopes in the order of 1 - 2 per cent in an east southeast 
direction. Towards the Perenjori townsite proper slopes become much flatter (0.5 – 1.0 per 
cent) with less distinct drainage patterns confounded by the urban road grid. 
The townsite does not contain a significant watercourse but it is likely the south easterly flow 
pattern generally predominated. This pattern is still evident within areas not immediately 
affected by either the Western or Eastern Diversion Systems. 
Generally, the urban components of catchments are typified by low relief and poorly defined 
drainage channels. With the imposition or the urban grid, reduced surface drainage has been 
further confounded contributing to ponding and retention within parts of the town. Soils 
within the catchment are self-sealing on the surface (slaking and possibly hydrophobic) with 
clay at depth. This is consistent with high runoff production and impeded internal drainage. 
The combined runoff threshold for the town is estimated to be in the order of ~5.0 mm. 
Principal catchments that are relevant to stormwater harvesting and general management are 
shown on Figure 1 and are described below: 
2.1.1. Western Diversion Catchment 
The Western Diversion Catchment collects runoff from a relatively large, 1,125 ha rural area 
to the west of the townsite, extending from the north western ridgeline and discharging via the 
diversion waterway around the west and south of the CBH site. The waterway crosses the 
Carnamah – Perenjori Road via a floodway located some 350 m west of the Mullewa – Wubin 
Road intersection. The catchment contains agricultural components being cultivated in part 
for cereal crops. However, significant areas of native scrubland and regrowth (roaded 
catchments) modify current rainfall/runoff processes. Surface-sealing soil conditions are 
expected to produce a moderately quick runoff response from rainfall events. Yield from the 
catchment would also be affected by the stage of cultivation or crop growth. 
A second larger diversion channel exists in cropping land further westwards. This structure 
discharges in a southerly direction crossing the Carnamah – Perenjori Road via a series of 
culverts, about 1.9 km west of the Mullewa – Wubin Road intersection. It is believed that this 
diversion channel presents operational problems by directing flow away from the existing 
dams to the west of CBH. Tuning of the diversion arrangements between this and the inner 
diversion waterway now seems to be necessary. 
2.1.2. CBH Catchment 
This partly developed catchment supports grain handling, general rail transhipment and the 
Council works depot. A small industrial subdivision is in the process of development. It is 
16.5 ha in area and extends along the western margin of the Mullewa Rail Line (see Figure 1) 
in a south easterly direction. 
This catchment is currently largely developed with extensive areas of roofs and paved 
surfaces (CBH) and general gravel hardstand areas. Approximately 70 per cent of the CBH 
site currently discharges to this catchment with the remainder reporting to the adjacent 
Western Diversion Catchment. Any cleared land is likely to be significantly modified due to 
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surface compaction with the operation of the transport hub. Current overall development 
percentage (occupied and operational areas) is estimated at around 60 per cent. Remnant 
vegetation in the north covers 5.12 ha or ~31 per cent of the total. 
It is noted that all of the catchment has been disturbed by the urbanisation process and 
typically has a very small amount of native vegetation in developed areas. For this reason it is 
expected that the catchment would have a relatively low runoff threshold, producing 
stormwater flows from small storm events. This trend is expected to be reinforced by the 
surface-sealing nature of the remaining unpaved soil surfaces. 
2.1.3. Eastern Diversion Catchment 
The Eastern Diversion Catchment covers an area of 692 ha of cleared cropping land. It 
collects runoff from adjoining subcatchments to the north and north east of the townsite 
(North Street). The area is generally much flatter than its western counterpart with slopes 
around 0.5 per cent or less. The Eastern Diversion Channel was constructed with a similar 
purpose to that of the Western Diversion Channel - to reduce the volume of stormwater 
migrating through the town from adjacent rural catchments. There are currently no substantial 
dams on this waterway. 
Slopes along the diversion channel that runs across Mr Gilmour’s property are in the order of 
0.4 per cent. 
Recognising the importance of the eastern diversion and its associated catchment, DAFWA 
installed a gauging station on Mr Gilmour’s property in December 2008. This will provide 
valuable data on both hydrology (yields and peak flows) and basic water quality providing a 
comparison of initial modelling and estimates made in this report. 
The diversion waterway crosses the Oversby Road via a floodway located some 350 m west 
of the Mullewa – Wubin Road intersection. The catchment is largely rural in nature being 
cultivated in part for cereal crops. Remnant native vegetation occurs only on fencelines and in 
tree lots. Again, surface-sealing soil conditions are expected to produce a moderately quick 
runoff response from rainfall events. Yield from the catchment would also be affected by the 
stage of cultivation or crop growth. 
A site for a storage dam (Main Storage Dam) has been identified in Mr Gilmour’s property, 
just upstream of the floodway at Oversby Road. This dam would serve as a central storage 
facility balancing storage in other locations and increasing overall reliability of stormwater 
harvesting. It will also improve flexibility for the reticulation of irrigation water. Preliminary 
design details for development of this dam are provided in Section 4. 
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2.2. Annual Yield 
2.2.1. Methodology 
Preliminary modelling was undertaken for three catchments surrounding the town site of 
Perenjori. These catchments were modelled using the yield estimating capability of the 
MUSIC catchment management model (eWater CRC, 2008). These catchments generate 
known runoff and are illustrated in Figure 1. 
2.2.2. Catchment Characterisation 
Modelling was undertaken firstly by delineating each catchment boundary through 
interpretation of contour data and surface flow knowledge from field investigations. Secondly, 
the landuse characteristics of each catchment were assessed to determine the total runoff 
capabilities of each catchment. The three main catchments and their landuse are characterised 
as follows: 
 Western Diversion Catchment (agricultural and scrubland) 
 CBH Catchment (scrubland and industrial); and 
 Eastern Diversion Catchment (largely agricultural with minor urban). 
Each catchment was modelled using the MUSIC catchment management model. Landuse 
types have considerable bearing on catchment yields due to the relative proportions pervious 
and impervious areas. Impervious areas within the Eastern Diversion Catchment and the CBH 
Catchment include roof and road surfaces. Roof surface runoff was assumed not to be 
detained onsite and as such connected to the stormwater system. Road surface areas were 
calculated through spatial analysis assuming an average road width of 7.2 m. 
Total roof surface area within the CBH Catchment was directly measured through spatial 
means. Within the Eastern Diversion Catchment, the town site of Perenjori accounted for 
21.67 ha of urban area, of which 22 per cent was calculated to be impervious. The impervious 
fraction within this landuse component was calculated firstly by measuring the areas of roads 
and roofs within a representative urban block and extrapolating over the entire town site. 
Where applicable, the total impervious area within each catchment was assumed to be the 
addition of roof and road surface areas. In the case of the Eastern Diversion Catchment, due to 
the relatively small component of road surfaces within the catchment, they were also directly 
measured through spatial means. 
The catchment characteristics of each catchment are presented in Table 1. 
Table 22: Catchment Impervious Fraction for MUSIC Modelling 
Catchment Total Area (ha) % Impervious 
Western Diversion Catchment 1125.0 0% 
CBH Catchment 16.5 38% 
Eastern Diversion Catchment 692.1 9% 
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2.3. Climate Data 
Daily rainfall data for the Perenjori (Station: 008107) was used for a continuous rainfall 
dataset from 1995 – 2006. A daily evaporation dataset was generated using the Northam 
(Station: 010111) evaporation data. 
2.4. Modelling Scenarios 
Daily modelling of all catchments described herein was undertaken using MUSIC for the 
period 1995 -2006. Flow statistics for the period 1995 – 2006 are presented in Table 2. 
As discussed in preceding section on event-based peak flows (Section 2) catchment responses 
vary in relation to the proportion of impervious surfaces and other high yielding areas. This is 
also true for annual yield runoff processes. The 12 years of rainfall data used in the MUSIC 
model is instructive inasmuch as it covers some of the driest years of recent record. Yield 
results for all three catchments are therefore expected to reflect conservative values (i.e. lower 
maximum, minimum and average) of annual yield. 
The CBH Catchment was modelled consistent with the strategy of removing stormwater loads 
from the shallow groundwater recharge process. Impervious, high yielding surfaces produce 
two effects. They increase the level of shallow groundwater by ‘groundwater mounding’ due 
to the removal/denial of evaporative and transpiration processes by the sealing surfaces. 
Secondly they cause problems by runoff concentration where they discharge to adjacent 
natural surfaces. Both effects exacerbate problems with foundation and road subgrade 
structural failure as well as increasing ambient salinisation trends. 
The Eastern Diversion Catchment contains the greater part of the developed Perenjori 
townsite. As discussed in Section 2.2 above, the combined effect of increased impervious 
surfaces across the urban area and its position within the catchment would lead to separate 
storm peaks from this area. This is also expected for long term yield performance. High-early 
discharge from developed urban components are believed to increase the overall statistical 
reliability of stormwater yields in the Eastern Catchment by producing flows from smaller, 
high frequency rainfall events. It was important to model the overall yield of this catchment in 
order to provide a comparison between both the undeveloped Western Diversion Catchment 
and the highly developed CBH Catchment. 
Table 23: Mean and Range of Yields (ML) for Perenjori Catchments 1995 - 2006 (MUSIC) 
Catchment Area (ha) 
Mean Annual 
Yield (ML) 
Max Annual Yield 
(ML) 
Min Annual Yield 
(ML) 
Western Diversion 
Catchment 
1125.0 219.7 1587.2 0 
CBH Catchment 16.5 19.5 50.2 10.9 
Eastern Diversion 
Catchment 
692.1 291.9 1202.6 112.4 
2.5. Discussion 
Yield results presented give an initial appreciation of the scale of individual yield 
contributions from the various catchments. This can be used to assess priorities and potential 
strategies for stormwater capture and salinity mitigation. Yield estimates are expected to 
provide a reasonable basis for further review of the existing harvesting arrangements within 
the general town context. This would include the assessment of the storage and diversion 
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arrangements that currently exist. Initial discussion of these arrangements is assisted by 
derived values given in Table 3. 
An obvious distinction between the Western and Eastern Diversion Catchments can be seen 
from Table 3, above. Although the Western Catchment is much larger it records zero as a 
minimum annual flow whereas the Eastern Catchment records a significant 112.4 ML/annum. 
This is seen, in large part, to result from the developed urban areas within the townsite as well 
as the greater proportion of remnant and regenerating vegetation within the Western 
Catchment. Secondly all townsite runoff is discharged to open drains which convey water 
directly into the diversion drain system. 
It is also worth noting that, in gross yield terms (Mean Annual Yield), the Eastern Catchment 
produces 291.9 ML whereas the larger Western Catchment produces only 219.7 ML. In areal 
term this amounts to 0.422 ML/annum ha compared to 0.195 ML/annum ha, respectively. The 
yield rate off the Western Catchment is therefore only 46 per cent that of the Eastern 
Catchment. 
Table 24: Comparison of Catchment Yields 
Catchment 
Area 
(ha) 
% 
Impervious 
Mean Annual 
Yield (ML) 
Areal Mean 
Yield 
(ML/annum 
ha) 
Comparison 
Western Diversion 
Catchment 
1125.0 0.00 219.7 0.195 0.46 
CBH Catchment 16.5 38.00 19.5 1.182 2.80 
Eastern Diversion 
Catchment 
692.1 9.00 291.9 0.422 1.00 
Townsite Urban 21.7 22.00 22.4 1.031 2.44 
Eastern less 
Urban 
670.4 8.58 
269.5 0.402 0.95 
 
By removing the urban components the Eastern Catchment might be expected (by 
proportioning of impervious percentages) to produce roughly 269.5 ML/annum on average 
and similarly record a much smaller minimum annual flow. By subtraction the average yield 
attributable to the urban area would be in the order of 161 ML/annum or, on an areal basis, 
2.44 times the total Eastern Catchment yield rate per hectare (1.031 ML/annum ha). 
The CBH Catchment produces an average annual yield of 19.5 ML. On an areal basis this 
amounts to 1.182 ML/annum ha or 2.80 times the total Eastern Catchment yield rate. A 
comparison between average CBH yield and that of the urban components of the Eastern 
Catchment is instructive when one considers any proposal to establish a collection basin 
below the CBH Catchment. The CBH Catchment produces roughly 1.182 ML/annum ha 
whilst the townsite urban components produce 1.031 ML/annum ha. This indicates 
approximately 15 per cent extra yield per annum ha on average from the CBH Catchment. It 
is also likely that yield will increase in the future with further development around this 
transhipment node. 
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3. Stormwater Management 
3.1. Site Survey and Investigation 
Survey investigation included a stadia detail survey of the proposed Main Storage Dam. This 
included connection of level datum (AHD) and azimuth. From the various traverse stations 
stadia radiations were recorded to allow good contour definition to a 0.25 m vertical interval. 
Figure 2 shows the town catchments and system layout, whilst Figure 3 details the Main 
Storage Dam site. Visual inspection of shallow subsurface soil conditions was undertaken 
along existing open drains. Little evidence of salt concentration was found particularly in 
relation to the CBH site. However, it is expected that stormwater surface flows in the vicinity 
of this site are contributing to shallow groundwater recharge, thus increasing salinisation 
trends. 
Examination of the open drain discharging through the Main Storage Dam site indicated that 
shallow salinisation was not an issue. However, as the base of this structure is expected to be 
in the order of 3.5m below natural surface (30 ML Option) accession of water from the deeper 
and more saline layers may be problematic. Full geotechnical drilling of this site to at least 4m 
depth is recommended prior to final design. 
Soil texture class is estimated to be a sandy clay loam to sandy clay with depth. Weathered 
lateritic deposits are expected at depth however this would need to be confirmed by the 
drilling program. 
Surface soils show some tendency to slaking and a minor hydrophobic reaction is expected. 
Little evidence of shrink-swell movement or cracking was observed in infrastructure around 
the townsite. Clay fractions are expected to be stable with minor dispersion. Clay content and 
flocculation seem to be sufficient to guard against tunnelling and piping failure modes. 
3.2. General Concepts 
The management of stormwater within the areas examined combines three fundamental 
objectives: 
1. Reduction of shallow groundwater recharge and salinisation trends 
2. Management of hazard and inconvenience related to stormwater flow 
3. Optimising stormwater harvesting efficiency 
Objectives 1 and 2 can be integrated with relative ease. In the CBH Catchment, proposed 
construction of the proposed Collection Basin will serve both these objectives by transferring 
runoff from frequent events into the Main Storage Dam. At the Main Storage Dam site (Mr 
Gilmour’s property) the temporary storage will assist to decrease flooding hazard downstream 
at the floodway on Oversby Road. 
Improvement of harvesting capacity in the Western Diversion system can also be assisted by 
formalising stormwater diversion arrangements. Further investigation and design is required 
to optimise partitioning of flows between hazard reduction objectives (diversion of large 
magnitude, destructive flows away from town) and stormwater harvesting of the higher 
frequency, smaller magnitude flows. Multiple objective planning and management is an 
approach that not only assists in the design stage but also allows a more comprehensive 
approach to investment by identifying all relevant benefit components. 
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3.2.1. Groundwater Recharge 
Perenjori has not been identified as a groundwater management town. Control of surface 
runoff can reduce the frequency of overflows, ponding and associated recharge processes. 
Currently, townsite stormwater is conveyed via a system of open drains and swales, connected 
at road intersections by pipe or box culverts. This is also the case in the CBH Catchment area 
however overflows to remnant bushland and open space in the south east portion are expected 
to contribute to ponding and shallow recharge. A proposed CBH Collection Basin will 
improve this situation considerably by removing a large portion of the smaller, high frequency 
flows from this collection point. However, some improvement of drainage swales around the 
south east of CBH should also be undertaken in conjunction with basin works. 
Groundwater recharge and salinisation does not appear to be a problem at the site of the 
proposed Main Storage Dam. Improvements to the main arterial drainage network as well as 
the floodway on Oversby Road seem to have produced reasonably stable groundwater 
conditions in the area of the dam site. Some contribution is also likely to have occurred due to 
drying climate and receding deeper groundwater across the locality generally.  
3.2.2. Stormwater Risk Management 
Risk is often regarded as a combination of the hazard of a particular event with the probability 
that the event might be expected to occur. Stormwater hazard can range from the simple 
inconvenience of street level overflows (wet feet and access difficulties) through to situations 
where safety of persons and property’s compromised. Management of the frequency 
(probability) of the range of events relevant to a site is accomplished by assigning appropriate 
performance levels, usually as average recurrence intervals (ARIs), to stormwater drainage 
components. 
The Western Diversion Catchment currently discharges runoff into two harvesting dams 
located to the west of the CBH site. This has been accomplished through breaching of the 
main diversion bank to allow harvesting to take place on a more reliable basis. As the re-
diversion of general catchment flows closer to the townsite could increase hazard levels it is 
recommended that the details of this harvesting divisor be formalised through reliable design 
and construction that takes into account the double objectives of stormwater harvesting and 
flooding risk management. One particular location of concern is the floodway across the 
Carnamah – Perenjori Road close to town where increased flows will increase flooding levels. 
It is expected that stormwater flows from the CBH Catchment do not cause more than a low 
level of inconvenience and disruption. Nevertheless, the construction of the proposed 
Collection Basin does introduce a change in the way stormwater behaves in the area. The 
design process should aim at producing acceptable levels of risk across all identifiable 
hazards. Hazards of interest in this case include maximum ponding depth, outlet velocity and 
the structural stability of adjacent railway and road infrastructure. 
The Eastern Catchment currently discharges via the broad-based diversion channel across the 
Oversby Road floodway into the arterial drainage system, downstream. Oversby Road does 
not carry large volumes of road traffic, being unsealed and of restricted pavement width. It is 
expected that risk levels associated with the floodway are appropriate for this rural situation. 
Nevertheless, being relatively close to town and the Great Northern Highway, a minimum 
requirement of warning signs and depth boards would be reasonable. 
3.2.3. Optimising Harvesting Performance 
A global approach to townsite water balance will ultimately produce the best mix of 
harvesting and storage operation. Part of the current uncertainty relates to the actual 
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performance of the breach in the Western Diversion Bank system. A specific water balance 
model of the townsite that takes into account the various harvesting and storage options is the 
best means to estimate overall performance due to changes to operating parameters such as 
basin and dam sizes, as well as spillway details. Climate change scenarios can also be 
included in the model. Such a detailed optimisation process is outside of the scope of this 
current work. 
Nevertheless, it is considered reasonable to adopt the two suggested works: viz, a CBH 
Collection Basin and the Main Storage Dam as a means of securing good non-potable 
supplies for Perenjori into the future. 
3.3. Design Concepts 
3.3.1. CBH Collection Basin 
Construction of a Collection Basin serves the three primary stormwater management 
objectives. It will decrease shallow groundwater recharge and associated local salinisation 
whilst good design should preserve acceptable risk levels in this transhipment area of town. 
Similarly, the basin will increase the effectiveness of stormwater harvesting (towards 
optimum) in a fashion that will be consistent with future townsite optimisation. 
Previous experience with collection sump sizing in Pingelly (ACC, 2008) indicates that a 
storage equivalent to (at least) the 10 Year ARI event runoff shows good performance in 
capturing storm events as well as in transferring smaller catchment flows during the wet 
season. The design flows rates in Table 2 (Section 2.2.3) indicate a 10 Year ARI storm 
volume of about 1,215 m3. A nominal volume of 2,000 m3 has been adopted for initial design 
and concept development purposes. The Collection Basin works would include: 
1. Cleaning and maintenance of open channels and table drains along Loading Road 
discharging into the Basin 
2. Maintenance and realignment of some swales and channels at south east corner of 
CBH 
3. Excavation of Collection Basin to 2,000 m3 volume; disposal of excess spoil 
4. Spread topsoil and sow to suit cover requirements and season 
5. Install electrical connection and switchboard in weatherproof cabinet on pole 
6. Construct pump shed 
7. Install harvesting pump and level controls 
8. Installation of fencing consistent with public risk management and maintenance 
access 
The above works are contingent on further site investigation. Boundary conditions that will 
affect the construction and the associated drain improvements include geotechnical 
assessment and proximity of services. 
3.3.2. Main Storage Dam 
The proposed Main Storage Dam is to be located to the east of the Perenjori townsite just 
upstream of the floodway on Oversby Road within the lower section of Mr Gilmour’s 
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property. Subject to geotechnical investigations, the site offers the opportunity to establish a 
central storage of around 30 ML in volume. The dam site is also located on the Eastern 
Diversion Channel the hydrology of which is described in Section 2. It receives flows from 
urban and rural components of the Eastern Diversion Catchment. 
Figure 3 gives contour details of the site and the preliminary footprint of a 30 ML storage. To 
achieve the required volume a depth between BWL (Bottom Water Level) and SWL 
(Standing Water Level) of 3.7m was assumed. As discussed, above final design depth is 
subject to geotechnical investigation. It is also worth noting that operation of the Main 
Storage Dam in conjunction with other storages off the Western Diversion Channel may 
allow reduction from 30 ML and the assumed depth. Previous modelling experience with 
other rural towns (Moora, DAFWA, 2009) suggests a storage of between 25 and 30 ML 
should provide a reliability of around 90 per cent on an annual basis. 
In conclusion it is believed that some latitude exists to reduce the depth and footprint of the 
Main Storage Dam and still retain good harvesting performance and storage across the town 
in general. A nominal volume of 30 ML (30,000 m3) has be adopted for initial design and 
concept development purposes. Due to the rural location it is believed that safety fencing 
would not be required. In order to serve the Shire’s duty of care a continuous stock fence with 
sheep mesh is recommended. The Main Storage Dam works would include: 
1. Removal and stockpiling of remaining topsoil across the site and beneath intended 
dam embankment 
2. Divert 5 Year ARI storm flows around general construction site 
3. Push existing channel spoil and compact into base of dam wall – reject unsuitable 
4. Excavate Storage Dam to design depth and compact suitable material into dam wall – 
haul and dispose of excess 
5. Compact, trim and rock pack to outlet spillway 
6. Compact, trim and rock pack to inlet chute 
7. Spread topsoil and sow to suit cover requirements and season 
8. Install electrical connection and switchboard in weatherproof cabinet on pole 
9. Construct pump shed 
10. Install transfer pump and level controls 
11. Installation of fencing consistent with public risk management and maintenance 
access 
The above works are contingent on further site investigation, as discussed above. Other 
considerations may include tank and irrigation requirements at strategic locations such as the 
sportsground and other important public open space. Legal agreement with Mr Gilmour for 
the use of his property should also be clarified within a formal contract. Also electrical 
connection to the site (3 Phase) should be further investigated to clarify potential costs. 
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4. Estimated Costs 
A preliminary estimate of construction costs for stormwater management and harvest options, 
as detailed in Sections 3.2 and 3.3, has been made. Unit rates adopted are similar to 
DAFWA/Shire Rates used in other recent RT-LA projects and were based on experience from 
past rural towns projects of similar scope. They include consideration for potential cost saving 
in utilising Shire personnel and plant. These rates should be confirmed with the Shire of 
Perenjori. 
Commercial Rates have been adapted from Rawlinsons Australian Construction Handbook 
2009 (Civil) as used by engineering consultants for calculating prices at fully chargeable 
rates. 
4.1. CBH Collection Basin Construction 
These works comprise the construction of a 2,000 m3 stormwater harvesting basin at the 
outlet from the CBH Catchment. It is aimed at reducing shallow groundwater recharge in the 
area of the road/rail transhipment hub. This development will allow capture of smaller 
magnitude, high frequency flows originating from the paved and roofed surfaces associated 
with the CBH facility. 
It should also be noted that it is possible to use the proposed CBH Basin in two modes: 
1. Pumping to the existing dams (Western Diversion Catchment) west of CBH 
2. Pumping to the proposed Main Storage Dam (Eastern Diversion Catchment) on Mr 
Gilmour’s property 
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Table 4: CBH collection basin construction (Sump) 
Proposed Works Quantity Commercial 
Rates 
DAFWA/Shires 
Rates 
Strip/Reserve Topsoil 500 m2 $800 $265 
Maintenance of drains into CBH Basin 400 m $10,000 $1,200 
Realignment of swales d/stream CBH Site 300 m $7,500 $900 
Box Culvert (1200x375) - Railway access Allow $6,000 $4,300 
Excavate Collection Basin incl. haul XS 5km 1,800 m3 $45,000 $6.300 
Construct Basin Outlet to exist (1200x75 culv) Allow $2,500 $1,250 
Topsoil, seed & fertilise 500 m2 $3,750 $550 
3 Phase electrical connection & switchboard Allow $4,500 $2,100 
Construct 2.0x2.0m pump shed on 100 thick 
reinforced conc. slab 
Allow $4,500 $2,750 
Install harvesting equipment incl. pump, suction 
line, valves & electrical (Davey VM16-2) 
Allow $10,700 $8,500 
Install a DN125 PN10 transfer connection to the 
Main Storage Dam (incl. valves) 
1,010 m $89,890 $33,330 
Install 1.8m chain wire security fencing, gates, 
locks 
245 m $9,800 $5,145 
Contractor Preliminaries (establishment, 
insurances, clean-up, etc) 
Allow $32,578 $5,320 
EPCM (Engineering, Procurement, Construction 
& Management) Fees 
Allow $16,289 $2,660 
Totals $244,607 $74,569 
The above costs are estimates only, based on initial design concepts and as such can be 
regarded as indicative of possible budgets, subject to revision as information improves 
through the investigation, design and construction process. Many factors can influence final 
costs, not least being Council rates for using local plant and personnel. Similarly, site 
conditions are not fully known and things such as service interferences need to be investigated 
before the most appropriate overall design can be developed. Prior to construction it is 
recommended that full investigation and design be undertaken in conjunction with Shire staff 
in order to identify potential issues and incorporate appropriate measures in the final design. 
4.2. Main Storage Dam Construction 
Construction of a Main Storage will allow conservation of harvested stormwater from the 
large and productive Eastern Diversion Catchment. This catchment contains some 22 ha of 
developed urban area, and with its low runoff threshold generates flows from smaller, more 
frequent rainfall events. Management of other storages including a proposed CBH Collection 
Basin will eventually be integrated with this storage. For preliminary design purposes it is 
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assumed that water stored in the Main Dam will be transferred to tanks located in the vicinity 
of the Sportsground for sports field watering and other open space irrigation. 
Table 5: Main Storage Dam Construction 
Proposed Works Quantity Commercial 
Rates 
DAFWA/Shires 
Rates 
Strip/Reserve Topsoil 14,500 m2 $20,300 $6,960 
Divert 5 Yr ARI flows around site 280 m $3,500 $770 
Push exist spoil to Bank alignment, compact 1,360 m3 $8,160 $1,224 
Excavate for 30 ML Basin incl. haul XS 5km 27,000 m3 $594,000 $81,000 
Push, compact, trim Bank remainder 8,000 m3 $48,000 $7,200 
Compact, trim and rock pack Outlet spillway 400 m2 $19,200 $6,400 
Compact, trim and rock pack Inlet chute 300 m2 $14,400 $4,800 
Energy dissipation d/stream of Outlet Allow $5,600 $2,760 
Construct a transfer 2.0x2.0m pump shed on 100 
thick reinforced slab 
Allow $4,500 $2,750 
Install a transfer equipment incl. pump, suction 
line, valves & electrical (Davey VM16-4) 
Allow $14,800 $12,340 
Install a DN90 PN10 transfer pipeline to the 
Sportsground Tanks (incl valves) 
1,350 m $89,100 $24,300 
Topsoil, seed & fertilise 6,500 m2 $16,250 $5,200 
Install stock fencing, sheep mesh & gates 580 m $5,220 $2,320 
Contractor Preliminaries (establishment, 
insurances, clean-up, etc) 
Allow $169,222 $15,960 
EPCM (Engineering, Procurement, Construction 
& Management) Fees 
Allow $84,611 $7,980 
Totals $1,105,163 $185,865 
Estimated costs of Table 5 carry the same cautions as those of Table 4. They are preliminary, 
budget indications, subject to revision during subsequent investigation, design and 
construction. 
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5. Construction and Maintenance Considerations 
5.1. Drawing and Report Interpretation 
Preliminary details of stormwater system improvements are given in Figures 2 and 3. 
The drawings supplied are of sufficient detail to allow interpretation, adaptation and 
construction in the field by reasonably qualified personnel. However, final investigation and 
design may be required to confirm construction conditions. It is the responsibility of Shire 
staff to seek guidance and explanation, where necessary, prior to proceeding. No 
responsibility is assumed for construction errors due to a failure by works staff to seek the 
necessary advice. It is the responsibility of the Shire to seek approval from affected 
authorities. Private approval possibly in the form of an active covenant should also be gained 
for the construction of the Main Storage Dam on Mr Gilmour’s land. 
It is further noted that this report does not provide a general operating strategy for existing 
and proposed stormwater harvesting infrastructure. Optimisation and operational details 
should be the subject of a specific investigation as much field data and anecdotal information 
remains to be collected. 
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Figure 17 Perenjori Drainage and Management Concept Design 
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Figure 18 Proposed main storage dam 
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5.2. Erosion and Sediment Control 
Prevention of erosion on the construction site is the responsibility of the Shire. It is more cost-
effective to retain soil in place by good site management than to allow erosion and rely on silt 
traps and other collection devices. There is a responsibility to inform contractors of their 
obligations in regard to erosion and sediment control. 
5.3. Earthworks Standards 
Generally, all topsoil (including grass layer) should be removed to a secure stockpile, prior to 
the construction of drains, waterways and embankments. This is essential to avoid zones of 
weakness along the boundary with natural in-situ material. The stripped subgrade beneath 
embankments should be scarified before compaction of subsequent layers to ensure a stable 
and waterproof bond at this margin. 
Embankments are to be constructed in vertical lifts of select, uniform soil, and of suitable 
thickness to suit the compaction equipment. Embankments to drains and waterways are to 
be compacted to at least 85 per cent MDD (Standard Compaction) as determined in AS 
1289.5.1.1–2003. 
Lime modification of embankment material should be undertaken if soil material is judged to 
be dispersive (i.e. Class 1, 2(2) or 3(2) under the Emerson Aggregate Test – AS 1289.3.8.1-
2006). Liming rates should be determined in consultation with the DAFWA field staff. 
5.4. Site Safety and Long Term Security 
Site safety is the responsibility of the Shire. A Project Safety Plan should be provided prior to 
commencement of works. All contractors working on site shall be informed of their 
responsibilities under this plan and all other workers and visitors shall be inducted to the site 
on the basis of the plan. 
Contractors and the Shire should ensure that the site is left in a safe and secure condition at 
the end of each working day with special attention given to weekends and public holidays. 
Ponded water greater than 10 cm deep represents a significant hazard to young children. 
Consequently, the site should be appropriately fenced to exclude the public from all areas of 
ponded water during construction. 
It is necessary that Shire staff inspect security fencing on a regular basis. Damaged fencing 
is to be secured immediately and suitably repaired without undue delay. 
The above comments address preliminary security and site safety considerations and are not 
intended to substitute for an ongoing permanent risk management plan. It is anticipated that 
such a plan could be formulated by the Shire following construction and once operating 
conditions are established. 
5.5. Maintenance considerations 
Maintenance of seasonal grass cover on earth surfaces will assist greatly in preventing 
erosion at its source and the consequent clogging of structures with sediment. Appropriate 
access for cleaning of drainage and storage structures should be provided. 
Regular inspection of drainage and harvesting infrastructure should be undertaken on a 
similar basis and recognised in Council’s normal asset management procedures. 
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